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In general, the stipends range from $100 monthly 
and upward, 

Any qualified person interested in graduate 
training may obtain application blanks and other 
information by writing to Dr. C. H. Cunningham, 
secretary, AVMA Research Council, Department 
of Microbiology and Public Health, College of 
Veterinary Medicine, Michigan State University, 
East Lansing, Mich. 
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IN THE stupy of epithelial tumors of the 
orbital region in cattle, must accept 
that benign and malignant tumors will be 
encountered. It has been established that 
many, but not all, of the benign growths, 
if left untreated, will undergo a transfor 
mation into carcinoma. Some growths are 
reported to spontaneously regress and a 
few to completely disappear. Little atten- 
tion has been given in the past to the dif 
ferences in behavior between carcinoma of 
the eyeball and those arising in the eyelids 
and adjacent skin. Some veterinarians, 
particularly in the West where the disease 
is more frequently encountered, have be 
come quite adept at differentiating by vis 
ual examination between benign, malig- 
nant, and inflammatory conditions of the 
orbital region which inelude or are con 
fused with classic squamous cell carcino 


one 


mas. 
This paper illustrates the gross and 
microscopic morphology of some of the 


more controversial lesions encountered in 
48 cattle with diseased eyes or cireumoe 
Types of epithelial tumors 


ular tissues 
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The authors are Hovorka, in 


spector-in-charge Dr. A. L. Stigers, assistant inepector 
n-charge (now inspector in-charg Meat Inspection 
Branch, ARS, U.S.D.A Dubuque, lowa and to th 
veterinarians assigned to the Meat Inapection Branch 
ARS, U.8S.D.A., Denver, for their cooperation with vet 


Animal Disease Research Laboratory ir 
imens All of the 
detected in 


veterinarians 


erimarians at the 


the collection of spec tumors reported 


n this survey were routine meat inspection 


recedures b thore 


from these same anatomic sites which can 
be regarded unequivocally as either be 
nign or malignant tumors are also dis 
cussed, Of these 548 cattle, 532 had one or 
more squamous cell tumors of the orbital 
region and represented the bovine ocular 
tumors reported in a recent survey.’” 
Epithelioma is not used as a synonym 
for squamous cell carcinoma of the bovine 
eye in this article as it is obsolete and is 
increasingly being erroneously interpreted 
in reference to cattle to include benign 
squamous cell tumors by not only many in 
the veterinary profession but by those in 
closely allied medical sciences. Epitheli 
oma as a name for squamous cell carcino 
mas of the bovine eye replaced the mis 
nomer ‘‘fungus haematodes’’ (bleeding 
fungus) early in this century following the 
advent of the doctrine of cellular pathol 
ogy and subsequent investigations which 
proved that the lesions were of neoplastic 
origin. Feldman,'' Runnells,“ Kral and 
Novac,'*® and other veterinary writers pre 
ferred to classify malignant epithelial tu 
mors of the bovine eye as carcinomas 
rather than epitheliomas. Jackson,'* in 
1936, in his study of tumors of domesti 
cated animals, used epithelioma as well as 
acanthoma as synonyms for a malignant 
tumor of a squamous type of epithelium 
but admitted that such a classification was 
confusing. He stated that certain benign 
or not clearly malignant neoplasms which 
arise from the accessory epidermal strue 
tures are often also grouped AS epithell 
use of 


Even more confusion about the 


the term epithelioma exists in the classifi 
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cation of human tumors. Various texts 
which discussed the diseases of man con- 
tinued to use epithelioma as a synonym for 
squamous cell carcinoma of the skin as re- 
cently as the last decade. An ‘‘ Atlas of 
Dermal Pathology,’’® sponsored by the Na- 
tional Research Council in 1947, described 
malignant tumors of the human skin as 
epitheliomas. Most of the recent texts on 
human pathology which discuss neoplastic 
"2" have abandoned the use of the 
term epithelioma to describe malignant tu 
mors. There is a growing tendency in the 
study of human tumors for the word to 
indicate only the basal cell 
carcinomas ' such as the Brooke tumor 

Day,” in 1932, probably perpetuated the 
use of epithelioma in veterinary medicine 
by his observation that since the bovine 
orbital growths were epidermoid carcino 
mas, the older term, epithelioma, was still 
appropriate, Bengston,’ in 1938, associated 
epithelioma with carcinoma when he stated 
‘microscopic examination of small, early 
growths show definitely that they are ma 
lignant carcinomatous new growths or tu 
mors.’’ Creech ** described epitheliomas in 
1942 as cancerous or malignant 
tumor. It can be assumed from the obser 
vations of three veterinarians, who 
were primarily engaged in the examina 
tion and diagnosis of specimens collected 
from diseased animals by the Meat Inspec 
tion Service, U.S.D.A., that the terms can 
ver eye, squamous cell carcinoma, and epi 
thelioma were interchangeable and had the 
sume meaning to them 

Recognition of malignancy, or associated 
both 
are obviously the important considerations 
in evaluating these ocular tumors in meat 
inspection. However, there are many vet 
engaged various 
clinical practice who might consider mod 
fications of their treatment of the 
bovine eye tumors to either a more or le: 
radical procedure if they 
the appearance of benign growths and thie 
early and 
the bovine eve 


cliseases 


noninvasive 


types of 


these 


objectionable secondary changes, or 


erinarians phases of 
some of 


were aware 


more advanced carcinomas of 

The great economic waste and the justi 
fication for antemortem condemnations by 
federal meat animals with 
advanced ‘“‘epithelioma of the 
eye’? were the subject of an editorial in 
the Journal of the 


inspectors of 
cases of 


American Veterinary 


1947 


Vedical Association in 
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Steiner and Bengston in their discussion 
of carcinoma of the eye in cattle ** stated 
that most cases are found in Hereford eat- 
tle. We believe that, as an economic prob 
lem, the disease is of importance only in 
the Hereford breed. Reports in the litera 
ture of cases in other species (we report 
several in this survey 


have been miscon- 
strued by a few writers in recent years as 
an indication that the problem is equally 
as great in other this is simply 
not true. 

Of the numerous other publications on 
the general subject of carcinoma of the 
bovine eye, the referred to 
several 14,14, 15,1 for addi 
tional 


species 


reader Is 


information 


COLLECTION oF DATA 


As a part of the survey and colleetion of bovine 
tumors, this 


Meat 


laboratory requested the Federal 


Inspection 


Service, Denver, Colo., to save, 
during the ealendar year 1953, all lesions involv 
ing the eyeball, eyelids, or adjacent skin which 


either might be, or could reasonably be confused 


with, tumors of the eye. Eye lesions were actually 


systematically collected in only three of the larger 


Denver abattoirs as inadequate manpower and 


plant facilities made a complete collection inad 


visable. However, we believe a reasonably accurate 
cross section or sample of cases was obtained. 
A total of 3,079 


ported in the 


cases Of epithelioma was re 


procedures at Denver in 
of the survey table 5 
task if 


malignant eve 


inspection 


the year which indicates 
the enormity of the 
to collect all 


the benign growths for one or 


in attempt were made 


tumors in addition to 


two years 


The reasons for extending the eolleetion over at 


least one complete calendar year are diseussed in 


the article” on the occurrence of neoplastie dis 
enses in slaughtered, food-producing animals, That 
tumors in relation to 


eatth The 


irticle evaluates these same 


other neoplasms of ictual monthly 


variations in the 
this 


carcinomas of th 
taken as 


proportional monthly oe 


submitting of 
eve to laborators table 3) enn be 


an approximation of the 


currence which might be eneountered in Denver 
ibattoirs. Our data do not include an evaluation 
of the neeropsy diagnosis of squamous eell earei 
noma of the eve 

Before the colleetion of ocular tumors began 
serious consideration vas given to. the type of 
data which should he reeorded During 1952, we 
made preliminary observations on a limited nun 
ber of eases in slaughtered cattle and reviewed 
many of the cases of bovine carcinoma of the eve 
in the Denver Animal Disease Research Labora 
tory files This evaluation allowed us to make 
maximum use of specimens and shortened the re 
ports which were necessar to properly identifs 
each submitted tumor 
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Data on each bovine case were systematically 


8-inch ecards to make the data 
Data for the 
Exact 


recorded on 5 by 


accessivle for review. tables were 


from these cards, three-dimen 


measurements to the 


compiled 


sional nearest millimeter 
were made on every tumor located on the eyeball, 
Multiple tumors fre 


eyelids, or periocular skin 


quently occurred in these sites and, consequently, 
measurements, anatomic location, and general de 
tumor 
with 4 


Bilateral involvement was 


scriptions were made of each individual 


encountered (even if an eye was involved 
or 5 distinet growths 
no problem in collecting data as each eye (eye 


ball, eyelid, and perioecular skin was considered 
as a single unit. 
An attempt was 


made to study the specimens 


during the day on which the animal was slaugh 
tered If 
eye including periocular skin was sent to the lab 
oratory At limited 
to the only the 


eveball 


there were eyelid lesions, the complete 


times, when the lesions wer 


cornea and bulbar conjunetiva, 


(usually ineluding the membrana niecti 


tans for orientation) was submitted. The eollee 


tion of periocular skin and eyelids was done only 
When it did not interfere with the slaughtering or 
inspection processes examined 


Specimens were 


ind all pertinent data recorded before fixing them 
in 10 per eent formalin 


Gross photographs were made of typical as well 
lesions At 


made of 


us unusual eye least one paraffin see 


fion wus each lesion and these were 


stained routinely with eosin for 


hematoxylin and 


SQguAMOUS CELL CARCINOMA OF THI 


Eve iN Carri 


microscopic examination. Data were also reeorded 
and 
metastatic lesions. 


cervical lymph nodes were studied microscopicall) 


tissue preparations made on all associate: 


Many hyperplastic parotid and 


in an attempt to find early metastatic lesions. 


Only preliminary studies 
in the literature regarding the relation of periocu 
lar skin pigmentation to bovine carcinoma of th 
eye. The majority of investigators that 
Hereford cattle with surrounded by whit: 
hair are more likely 
eyes than those whose periocular skin contains red 


believe 
eves 


to develop carcinoma of th 


Some breeders select breeding animals wit! 
that The lo 
pigmentation hecessary to 


hairs. 
red hair around the eye for 
degree of 
produce a desirable effect are 


renson, 
eation and 
important consider 
Lush” met 


ations in these breeding 


tioned the 


programs 


more frequent snow blindness’’ is 
white-eyed Herefords 
Wyoming and believed that brilliant sunlight wa 
important eontributing faetor. He in 


terpreted this as an indication that brilliant sun 


than in red-eved ones it 


the most 


shine also could predispose to ocular tumors. 

It is 
colleetion, to record the degree of pigmentation of 
the skin affected 
Observations on pigmentation 


impossible, under the limitations of ou: 


around eyes on individual ani 


mals would have 


had to be made before slaughter to be aececurat: 


An attempt was made only to determine what 


problems might be encountered in evaluating de 
grees of pigmentation 


The periocular skin was not submitted in man 


Fig. 1—An epidermal plaque on the eye of a 7-year-old Hereford cow. 
8-mm. area on the cornea and bulbar conjunctiva. 


It covered a 10- by 


Figures 14 and 15 are photomicrographs 


of this same lesion (case D 2202). 


Fig. 2—An epidermal papilloma of the eye in a 6-year-old Hereford cow 


The tumor had a 


3- by 3-mm. base at the limbus and some of the papillary projections from this point of attach 


ment were up to 10 mm 


in length (case 131336) 


; 
7 
a 
ty 
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Fig. 3—An epidermal papilloma (15 by 10 by 

4 mm.) of the eye in a 6-year-old Guernsey cow. 

Figures 17 and 18 are photomicrographs of this 
same lesion (case D 2289). 


of the cases where lesions were seen only on the 


eyeball, In addition, segments of the eyelid and 


skin might 
recovery of 


have been missing or distorted in the 


lesions in the slaughtering process 


However, the greatest deterrent to the evaluation 
of pigmentation at necropsy was that any existing 


skin 


tumors on the 


pigmentation of the perioeular could have 


been easily masked by mucocuta 
neous junction of the eyelid, by their spread in 
the skin, or by the frequent secondary ulceration 
An evaluation of skin pigmentation 
should be 


velopmental 


perioeular 


included in eurrent studies on the de 
growth of bovine oeular careinomas 
Hereford cattle. Sueh 


valuable in establishing the 


in selected herds of pro) 


ects will be extremely 
behavior of lesions designated as benign or pre 
cancerous in this article. 
Hereford 
other 
white face 


(1 or both eyes having an unbroken band of 


Colorado, ineluding feeders 
to be 


Few completely red-eyed Here 


eattle in 


from states, appear bred for a con 
sistent 
fords 
red hais 


encircling the eye) were ob 


Within 


more frequently 


completely 


served in the stockyards some of these 


complete bands and the encoun 


tered partial bands, small areas of white hair 


vere frequently included adjacent to the eyelids 


ind often only a comparatively small portion of 


the aetual eyelid contained red hair Longe! 


white hairs were usually intermixed in the pig 


partially pigmented eyelids 
Here 


and 


mented areas in thes 
\ few of both the 
hair 


completely white-faced 


fords (all was white around both eyes 
those with varying degrees of pigmented periocu 
had skin 
bordered by unquestionable white skin in the peri 


skin and the skin of the White 


lar skin small, light brownish areas of 


ocular evelid 
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hairs arose from these areas whieh may be a 


degree of pigmentation. It 
elids to detect 


possible intermediate 


is necessary to thorough! wash ¢ 


this questionable type of pigmentation sinee tear 


stains and eonjunctival exudates will produce a“ 


discoloration which resembles it 


The 


was 


degree of laerimation and conjunctivitis 
nonpigmented 
there 


white eyes in 


marked in the 
stockyards and 
thes« 


much more 


groups observed in the was 
a definite around 
bright 


vitis 


giare effect 


sunlight. Oeular exudation and conjuneti 


decreased noticeably when red hair arose 


from one half or more of the border of periocular 


skin, Shipping and handling of these animals may 


have accentuated the as compared 
to that 


ditions 


conjunctivitis 


encountered under average range con 


DIAGNOSTIC CRITERIA 


A histological examination is often nee 
essary in the study of inflammatory and 
neoplastic conditions of the eye to confirm 
or refute clinical or necropsy impressions 
Adoption of elaborate classi 
fications based on pathological or clinical 
features should be avoided. Errors in the 
interpretation of individual lesions are oc- 
casionally made under any system of clas 
sification regardless of whether the system 
Designations of 
papilloma, plaque, squamous cell 
carcinoma, and squamous cell carcinoma 
have value to both the clinician and pa- 
thologist in understanding the bovine epi- 
thelial ocular tumors. The introduction of 
detailed would be 
cumbersome 

Papillomas and plaques (fig. 1) repre 
sent benign squamous cell tumors and have 
a slightly different behavior which might 
be important in evaluating clinical stud- 
ies. Ocular papillomas are epithelial out 
growths from stratified epithelial strue 
tures of the skin or membranes 
Classically, there is an actual folding of 
the epithelium to form inner cores of con 
nective superficial layers of 
proliferating epithelium. Several types of 
papillomas were seen. The unmis 
takable papillomas were the lesions with 
frondlike branching 
Small papillary pro 


or diagnoses 


be simple or complex 


early 


a more Classification 


mucous 


tissue and 


most 


one or long, 


more 
structures (fig 


jections arose from the secondary divisions 
of this type of papilloma which was char 
acteristically attached by a small base. At 
the other extreme 


there were tumor masses 
consisting of protu 
berances which had a large, confluent basal 


attachment to the eve (fig. 3 


many small rounded 


area of 


| 
> 
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However, most of the papillomas were 
represented by an intermediate type of 
growth. They usually had a broad base 
and multiple, hard, spinelike projections 
of variable sizes. A few cauliflower or 
mushroom-like papillary tumors, attached 
by a narrow stalk to the eyeball, were also 


seen. 
Many of the large squamous cell carci 


Fig. 4—A border of a 
papillary squamous cell 
carcinoma of the eye of 
an old Hereford cow. A 
higher magnification of 
the blocked area is shown 
in figure 5 and is one of 
several points of trans- 
formation of the tumor 
into frank squamous cell 
carcinoma (case 131565). 


Hematoxylin-eosin stain. 
x 20. 


Fig. 5—An invasive por- 
tion of the tumor shown 
in a block in figure 4. 


Note the nests of tumor 
cells breaking away from 
the basal cell layer of 
the tumefied epithelium 
on the right side. Changes 
in the basal cell layer, 
also seen in the lower cen- 
tral portion, were con- 
sistent with what was re- 
garded as early carcinoma 
(case 131565). Hematox- 
ylin-eosin stain. x 95. 
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Eye in Carri 


nomas had this same papillary structure 
However, there was dyskeratosis through 
out all of these tumors and changes char 
acteristic of an invasive carcinoma at the 
base of the stalk (fig. 4 and 5). They in 
variably protruded through the palpebral 
fissure and were often so large as to cause 
an open fixation of the eyelids (fig. 6) 

In 1952, several veterinarians engaged 
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in federal meat inspection at Denver used 
the terms ‘‘ plaques’’ and ** papillomas’’ to 
describe two types of benign eye tumors. 
Most plaques were easily separable from 
papillomas. As observed by the inspectors, 
the plaques were gray to white, rounded, 
slightly raised growths with flattened sur- 
faces. They were usually opaque and had 
either a smooth, granular, or slightly 
roughened exterior. Smaller plaques and 
a few of the large extensive plaques were 
occasionally filmlike, smooth, and almost 
transparent. While the common site for 
plaques is on the cornea and bulbar con 
junctiva with most of the lesions involving 
the junction zone between the bulbar con 
junctiva and cornea (limbus), they also 
appear on the skin of the eyelid and the 
palpebral conjunctiva adjacent to its eu 
taneous junction. The plaques originating 
on the limbus have a tendency to extend a 
greater distance over the cornea than over 
the conjunctiva (fig. 1). This is not sur- 
prising if the more uniform smoothness of 


the cornea is considered. 


A plaque is described in most diction 
aries as resembling a coin, patch, or blood 
platelet and this is a reasonably accurate 


general description of the tumors we have 
grouped under that term. Tumors of the 
human eye similar to our plaques and pap 
illomas have been extensively described by 
Ash'* and Ash and Wilder®* in’ their 
studies of the collection of eye tumors at 
the Armed Forces Institute of Pathology 
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at Washington, D. C. This collection of tu- 
mors of the human eye is undoubtedly the 
largest in the world. Their description of 
epidermalized or metaplastic epithelium 
forming papillomas and leukopbakie or 
Bowen’s type of dyskeratosis is almost 
identical to our experiences with the bo 
vine eye tumors. However, these lesions in 
man are rare compared to the reported 
high occurrence of conjunctival tumors in 
Hereford cattle 

Since the submitted bovine plaques were 
usually intermediate between the benign, 
senile thickenings of the epidermis seen in 
Bowen’s disease in man and the often pre 
hyperplastic epithelial prolif 
erations of human leukoplakia, the term 
‘*plaque’’ was adopted as an adequate des 
ignation to most simply identify these 
potentially precancerous growths. Leuko 
plakia has a Greek derivation and is de 
fined as a white plate, plaque, or patch. 

It is not uncommon for a portion of a 
conjunctival tumor to be a typical plaque 
and the remainder to be a papilloma. A 
few of these might actually be two tumors 
which have but are 
considered to represent a solitary growth 
which has mixed potentialities to develop 
into both a plaque and papilloma. In our 
tables, these mixed tumors were 
classified as papillomas. Ash’s 
tion ':* with regard to the primary sites of 
the epithelial conjunctival tumors was also 
with 


cancerous, 


grown together most 


always 
observa 


obser ed 


consistent our study He 


Fig. 6—Bilateral squa 
mous cell carcinoma of 
the eye in an old cow. 
The eyelids were not in 
D 2263). 


volved (case 


~ 
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that the conjunctival epithelium exposed — til they become carcinomatous. At least 59 
through the palpebral fissure frequently malignant tumors of this type (tables 1 
becomes metaplastic and that this trans- and 2) were examined in our survey 
formed epithelium is the important point 
of origin of the various kinds of epithelial 
tumors. Most of the plaques and papillo 
mas in our series were about equally di 
vided between the medial and lateral lim 
bus and would be included in the area 
exposed when the eyelids were open. Rus 
sell and Loquvam *' and Wynne and Rus 
sell *° in preliminary reports on their stud 
ies Of bovine ocular squamous cell tumors 
also adopted the use of the term plaque to 
indicate approximately the same type of 
lesion as we will deseribe in this article 
No other investigators in this country have 
consistently used the term and few have 
made more than a brief mention of these 
benign or precancerous lesions. 

Earlier, it was mentioned that plaques 
appeared on the skin of the eyelid and on 
the palpebral conjunctiva near its junction 
with the skin. In this survey, they were 
always found associated with squamous 
cell carcinoma when present on the eyelid 
Sometimes, the carcinomas were still small 
and multiple benign tumors, including 
papillomas, made up the tumefied areas on 
either side of and often including the mu 
cocutaneous junction (fig. 9 Although 
these plaques and papillomas were found 
only associated with eyes containing carci 
nomas and were, therefore, not included in 
the diagnoses listed in the tables, we be 
lieve from their appearance and reports of 
observations on afflicted herds '*'* that 


they are the predecessors of many of the 


carcinomas of the eyelid and palpebral 
conjunctiva. Apparently, epithelial tumors 
in these anatomic locations in cattle either 
undergo malignant transformation at an 


earlier date or are ignored by ranchers un 


Fig. 7—An ulcerating squamous cell carcinoma 
(20 by 18 by 4 mm.) of the skin of the midsection 
of the lower eyelid and adjacent border of con 
junctiva in an old Hereford cow. A squamous cell 
carcinoma of the eyeball from this same eye is 
shown in figures 35 and 37 (case 131808) 


Fig. 8—A large ulcerating squamous cell carci 
noma (4 by 2 by 1 cm.) almost completely repla 
ing the membrana nictitans of an 8-year-old cow 
Arrows outline two borders of a much smaller 
papillary lesion (7 by 3 by 1 mm.) on the limbus, 
which histologically (fig. 19 and 20) was regarded 
as an early squamous cell carcinoma (case D 2191) 
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There was often a pronounced hyperkera 
tosis of the tumefied epithelium of the 
papillary growths and this was often rep 
resented by horn formation 
Wynne and Russell’s*’ use of the term 

keratoma’’ to indicate this condition 
seems superfluous and actually confusing 
Likewise, their coining of ‘‘ boggy lids’’ to 
indieate a type of precancerous acanthosis 
of the skin of the eyelid does not seem to 
be justified until criteria are advanced to 
separate these lesions from early plaques 
arising in this same area. 

One severe type of bovine conjunctivitis 
(fig. 11), which has been confused at nece- 
ropsy with plaques and 


cutaneous 


papillomas, has 
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catarrh 
chronic al 


been considered similar to vernal 


and 
lergic reaction 


of man may represent a 


The hyperplasia and sometimes great in 


enlargement (2 or 3 


flammatory times ) 
with formation of distinet lymphoid folli 
membrana nictitans is the in- 
lesion which is most difficult 
differentiate tumors on 
Even microscopically, 
examining 
membranes as a small 
be associated with a marked 


This inflammatory 


cles of the 
flammatory 
for us to from 
gross examination 
be exercised in 


caution must 


these nictitating 
tumor may 
inflammatory reaction 
occur alone or in association 


lesion may 


Fig. 9—Arrows point to 
an area of squamous cell 
carcinoma of the eyelid 
at the lateral canthus in 
an old Hereford cow. Fig- 
ures 22 and 23 are differ- 
ent magnifications of a 
histological section of this 
area which prompted the 
diagnosis of carcinoma. 


The large papillary tu- 
mor on the lower eyelid 
was histologically typical 
of an early squamous cell 
carcinoma while the 
smaller growth above it 
on the upper eyelid was 
diagnosed as a papilloma. 


Fig. 10—Squamous cell 
carcinoma which replaced 
portions of the 
and bulbar conjunctiva 
in same eye as in figure 9 
131788) 
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TABLE i—The Location and Diagnosis of 613 Bovine Ocular Tumors 


Cornea 

Sulbar conjunctiva 
Sulbar conjunctiva and cornea 
E yebal 
Eyeball, palpebra 
Membrana nictitans 


and palpebral conjunctiva 
conjunctiva, and skin of eyelid 
Palpebral conjunctiva and membrana nictitans 


Palpebral conjunctiva (membrana nictitans 
not involved ) 

Palpebral conjunctiva and skin of eyelid 

Skin of eyelid 

Orbital region growth 

No external ocular tumor but a parotid 


lymph node metastasis 
Totals 
remnants of eyeball and 


* No recognizable 


ently noninvolved, operated, or healed enucleated ¢ 
with a neoplastic condition or an advanced 
keratitis 

In making the diagnoses listed in tables 
1 and 2, it was necessary to set up diagnos 
tic criteria for each type of tumor. In the 
histopathology of most diseases, one can 
select clear-cut examples of closely related 
conditions such as a plaque and papilloma 
but cases almost intermediate in morphol 
ogy will be encountered. The excrescency 
of the benign growth and the invasiveness 


of those tumors designated as early carci 
nomas seemed to be the most controversial 


points and the ones that had to be accu 
rately interpreted for a correct diagnosis 

After a review of the tumors diagnosed 
as benign (many existed in the same eye 
with a carcinoma), it became apparent 
that the classic papillomas exhibited an 


TABLE 2—Observations on the Behavior of 471 


conjunctiva and cornea 
eball and palpebral conjunct 
palpebral conjunctiva 
and skin of eyelid 
Membrana nictitans 
Palpebral conjunctiva and 
membrana nictitans 
(membrana 


Palpebral conjunctiva 


nictitans not involved) 
Palpebral conjunctiva and skin of 
Skin of eyelid 
Orbital region growth 
No external tumor but a parot 


ymph node metastasis 
lotals 


cognizable remnant of eyeball and ¢ 


operated, or healed 


enucleated eye 


‘ Kar “quamous 


‘ ‘ noma 


arcipomas 


abnormal outgrowth or 
marked degree and usually only a slight 
tendency toward invasion of subconjune 
tival tissues or the substantia propria of 
the cornea. These are the tumors which 
owners often tell of pinching off with their 
fingernails. However, this might leave a 
potentially malignant basal area where a 
malignant tumor would eventually de 
velop. In addition, it is not generally ap 
preciated that it is sometimes impossible to 
separate the papillomas from the early o1 
frank papillary carcinomas by their ap 
pearance in the living animal and this 
makes such removal of papillomas even 
more hazardous. 

The thicker plaques which almost pro 
jected enough to be papillomas appeared 
to be the most potentially malignant of the 


projection to a 


Squamous Cell Carcinomas of the Eye in Cattle 


Penetration 
Parotid 
and other 


nto anterior 
hamber of 
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metastases were 
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benign group and, on gross examination, 
were indistinguishable from small invasive 
On the other hand, the trans 
opaque plaques were 


Carcinomas, 
parent or partially 
consistently represented only by a thicken 
ing of epidermalized epithelium and were 


Fig. 12—A portion of an ulcerating squamous cell 
carcinoma of the membrana nictitans and conjunc- 
tiva in an old Hereford cow is shown on the right. 
The growth on the lower segment of the limbus of 
the eyeball in the upper left was diagnosed as a 
plaque (fig. 16) and the tumor on the upper seg- 
ment as a papilloma. The corresponding, incised 
parotid lymph node on the lower left contains an 
advanced metastasis (fig. 13). A plaque (not 
shown) was also found on the limbus of the op 
posite eye (case D 2270). 
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Fig. 11—A papillary ker- 
atitis which covered a 20- 
by 4-mm. area on the 
limbus of the eyeball of a 
6-year-old Hereford cow. 


This lesion was errone- 
ously diagnosed at ne- 
cropsy as a _ papilloma 
(case D 2225). Hematox- 
ylin-eosin stain. x 20. 


obviously benign tumors. Complications 
with a secondary keratitis or conjunctivitis 
produced changes in appearance in many 
benign plaques and often made them diffi- 
cult to distinguish from early carcinomas 
at necropsy and sometimes in microscopic 
examinations, 

Histologically, the study of benign epi 
thelial tumors is with the 
changes in the four layers of 
the epidermis: (1 
tum germinativum) ; (2) prickle cell layer 
rete 


eve eoneerned 
. 


prominent 
basal cell layer (stra 
rete mucosum, 


(stratum spinosum, 


carcinoma of the eyelid. The appearance of this 
lymph node at necropsy is shown in figure 12 
(case D 2270). Hematoxylin-eosin stain. x 100. 
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malpighii); (3) granular layer (stratum 
granulosum); and (4) cornified layer 
(stratum corneum). The distinguishing 
histological feature of a plaque is the hy- 
perplasia or proliferation of the prickle 
cell layer (Ash descriptively called it ‘* epi- 
dermidalization’’ of epithelium) in the ab- 
sence of other distinctive changes in the 
growth. A thickening of two or three to 
ten or 15 times the normal height of the 
prickle cell layer was commonly seen 
There was no difficulty in justifying the 
diagnosis of a benign growth as a papilloma 
when there was a folding or ingrowth of 
epithelium to form inner connective tissue 
cores or even stalks. However, some _ be- 
nign growths, which had moderate prolif- 
eration of the prickle cell layer and 
marked hyperkeratosis or parakeratosis of 
the stratum corneum, posed a problem as 
to whether they should be called a plaque 
or papilloma. Grossly, these tumors were 


Fig. 14—An epidermal 
plaque of the cornea and 
bulbar conjunctiva show- 
ing the characteristic 
thickening of the prickle 
cell layer. The appearance 
of this lesion at necropsy 
is illustrated in figure 1 
(case D 2202). Hematox- 
ylin-eosin stain. x 10. 


Fig. 15—A higher magni- 
fication of the left side 
of the lesion shown in fig- 
ure 14 at the junction of 
the plaque and adjacent 
cornea (arrows). Note 
the proliferating prickle 
cell layer and the unusu- 
ally well-defined Bow- 
man’s membrane (a) of 
the cornea (case D 2202). 
Hematoxylin-eosin stain. 
x 125. 
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invariably considered as papillomas as 
they usually had multiple, rounded sur 
face projections or a raised ragged exterior 
and actually were distinet outgrowths 
from the eye. Therefore, it decided 
that the exerescency’ of the stratum cor 
neum of these benign growths might be the 
deciding criterion of diagnosis. All four 
layers of the epidermis do proliferate in 
varying degrees in most of these localized 
tumors although the comparatively mini 
mal enlargement in thickness of the basal 
and granular strata simplifies the classifi 
cation to a consideration of the other two 
layers. In reviewing the papillomas with 
either well-defined basal stalks of attach 
ment, projecting spines, or papillary pro 
tuberances with distinct connective cores, 
hyperkeratosis or parakeratosis was also 
found consistently 

Using the simplified histological system 
of classification listed later in this seetion, 


Was 


a 
4 
= 
15 


lb MONLUX 


a diagnosis of papilloma or plaque could 
best be correlated with the gross appear- 
the This classification is 
the basis of diagnoses in this study. As 
expected, the difficulty encoun- 
tered on gross examination was in distin- 
guishing between these benign lesions and 
the early or unequivocal carcinomas. It 
is doubtful, in this decade of science, if 
any diagnostic method except histological 
section can ever be used to accurately de 
termine the lack of, or degree of, malig 
nancy of the more superficial bovine eye 
tumors. <A_ histological examination is, 
therefore, a necessary adjunct to the com 
plete or partial surgical removal and eval 
uation of any epithelial eye tumor. Diag 
‘carcinoma im situ’’ were not 
made, as it is our belief that many of the 
otherwise benign lesions would have at 
least one such focus if multiple histological 
sections were prepared, No one has yet 
developed means of determining whether 
these potential zones of malignancy have 
actually become carcinomatous. Carcinom 
atous changes apparently develop rap- 


ance ot lesions 


greatest 


noses of 


idly in the epithelial bovine eye tumors (a 
few months to more than a year), so until 


evidence is presented to refute our con 
cept, the diagnosis of malignancy is based 
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on neoplastic invasiveness of the tumors 
into the substantia propria. Metastasis 
was never observed until there was exten- 
sive invasion of the substantia propria. 

Neoplastic invasiveness can be difficult 
to diagnose since there is no true basement 
membrane to the epithelium of the con- 
junctiva and skin. Also, the Bowman’s 
membrane of the cornea is a thin, strue- 
tureless layer (a homogenous tissue lack- 
ing fibers or cell nuclei) which has a ten- 
dency to disappear in inflammatory or 
proliferative conditions. However, lesions 
in which errors would be made, at best, 
would be only a small percentage of the 
total and would be of more academic than 
clinical interest 

The differential description of the four 
types of epidermal eye tumors used in 
classifying the neoplasms included in this 
paper are: 

Epidermal Plaque.—A thickening of 
epithelium which is at least two times the 
normal and is a result of proliferation of 
the prickle cell layers so that they exceed 
the average height of the remainder of the 
tumefied epithelium (fig. 1, 14, and 15 rep 
resent a classic example of 1 type of le- 
The growths do not have a papil 
lary surface although occasional inward 


SIOTL). 


Fig. 16—An epithelial 
plaque in which there is 
an extensive ingrowth of 
the tumor. The general 
outline of this plaque on 
the cornea and bulbar 
conjunctiva can be seen in 
figure 12 (case D 2270). 
Hematoxylin-eosin stain. 
x 100. 
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yrowths of the tumor may cause islands of 
connective tissue resembling the connective 
tissue cores of a papilloma to be included 
Although 
may 


in histological sections (fig. 16). 
the 
disappear 


Bowman’s membrane of 
appear thin 
there are corneal plaques, there is always 
an acceptable basal line to the tumefied 
epithelium of either the cornea, conjune 
Dyskeratotic changes such as 


cornea 


and even where 


tiva, or skin 
hyperchromatism may occur in the thick- 
ened epithelium but usually are limited to 
individual cells. Formation of anaplastic 
nests of epithelial cells within the growths 
Subepithelial inflammatory reac- 
marked and there may be a 
hyperplasia with 
vreat enlargement of rete pegs 


Is rare 
tions may be 


pseudoepitheliomatous 


Included are all 
epithelial 
which have stalks, spines, or rounded pro- 


Epidermal Papilloma 


benign, papillary, outgrowths 
tuberances represented by a central con 


nective tissue covered to a variable 
depth by a tumefied epithelium. In addi- 


tion, benign tumors having a marked hy 


core 


perkeratosis or parakeratosis of the stra 


tum corneum, so that at least one projec 
tion of this cornified epithelium equals or 
exceeds the average height of the remain 
der of tumefied epithelium, are also desig 
nated as papillomas. Again, the Bowman’s 
membrane of the cornea may appear thin 
and even disappear in places where there 
are corneal papillomas, but there is always 
the tumefied 


epithelium of either the cornea, conjune 


an acceptable basal line to 


tiva, or skin. Dyskeratotie changes such as 
hyperchromatism may occur in the epithe 
lium and are more common than in 
Small, intradermal nests of ana 
includ 


ing such cellular phenomena as increased 


plaques 
plastic cells (carcinomas in situ 
numbers of mitotic figures, enlargement of 
nuclei and nucleoli to form giant or some 
times double nuclei, great variation in size 
individual 
isolated cornified bodies (epithelial pearls), 


and shape of cells and small, 


may appear singly in the tumors, be found 


in several areas, or be absent. Subepithe- 
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Eye in CarTLe 
lial inflammatory reactions may be marked 
and there may be a pseudoepitheliomatous 
hyperplasia with 
rete 


great enlargement of 


pegs 


pap-lloma 


17—An epidermal 
deep indentations of the cornified layers of the 


Fig. showing the 

neoplastic epithelium around central connective 

tissue cores. The appearance of this lesion at 

necropsy is illustrated in figure 3 (case D 2289) 
Hematoxylin-eosin stain. x 7. 

Fig. 18—A higher magnification of the right side 

of the lesion shown in figure 17 (case D 2289) 
Hematoxylin-eosin stain. x 20. 


Nests 
of tumor cells at the base of an epithelial 
through the 
basal cell layer of the tumefied epithelium 
and invade the 
8 19, 20, and 21 
the underlying 
brane is no longer intact or may have com 
pletely disappeared 
usually appear as rounded subconjunctival 


Early Squamous (‘ell Carcinoma 


eye tumor appear to break 
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Fig. 19—An early squa- 
mous cell carcinoma aris- 
ing at the junction of the 
cornea and bulbar con- 
junctiva of the eyeball 
whose appearance at ne- 
cropsy was shown in fig- 
ure 8. There are no longer 
distinct basal cell layers 
in the area which includes 
the epithelial pearl in the 
center of the illustration. 
Pseudoepitheliomatous 
hyperplasia shown at the 
right was prominent in 
the epithelium adjacent 
to the tumor (case D 
2191). Hematoxylin-eosin 
stain. x 125. 


Fig. 20—A more ana- 
plastic disruption of the 
basal cell layers of the 
tumefied epithelium of 
the early squamous cell 
carcinoma shown in figure 
19 (case D 2191). Hema- 


toxylin-eosin stain. x 170. 


Fig. 21—The_ small, 
rounded groups of cells at 
the bottom of the figure 
were undoubtedly contin- 
uous with the branching 
ingrowth of the early 
squamous cell carcinoma 
before sectioning (an in- 
tact budlike projection of 
the epithelium can be 
seen in approximate cen- 
ter of illustration. 
This budding and disrup- 
tion of the basal cell lay- 
ers of the epithelium 
probably precedes but is 
often associated with 
deeper nests of carcinoma 
cells (case 131796) 
Hematoxylin-eosin stain 
x 225. 
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groups of rather anaplastic cells and often 
have a central cornified center (sometimes 
advanced enough to be a classic **epithe- 
lial pearl’’). The tumor, except for the 
earcinomatous changes in its basal area, 
may resemble a plaque or papilloma. How 
ever, as a group and compared with papil 
lomas, there is a much greater tendency 
for the early carcinomas to form intrader 
mal nests of anaplastic cells (carcinoma 
in situ described under epidermal papillo 


Fig. 22—A_ histological 
section of the squamous 
cell carcinoma of the eye- 
lid indicated by arrows in 
figure 9. An area of in- 
vasive carcinoma is in 
cluded within the blocked 
area and is shown at 
higher magnification in 
figure 23 (case 131788). 
Hematoxylin-eosin stain 
x 35. 


Fig. 23—A higher magni 
fication of the area shown 
by a block in figure 22. 


There is no longer an ac- 
ceptable basal line to the 
tumefied epithelium and 
nests of tumor cells have 
invaded deep into the sub- 
stantia propria of the con- 
junctiva (case 131788). 
Hematoxylin-eosin stain. 
x 80. 
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mas). In addition, it is not uncommon for 
large portions of the basal cell layer of the 
tumefied epithelium to be replaced by 
these nests of anaplastic cells. Most of the 
invasive carcinomatous groups of cells still 
maintain intercellular bridges (prickles) 
particularly when there is cornification of 
their centers 

Occasional spindling of small groups of 
In these areas, the 
absent and the 


neoplastic cells is seen. 


cytoplasmic bridges are 
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cells may be difficult to differentiate from 
those of a reticulum cell sarcoma or from 
epithelioid inflammatory invariably 
present as a component of a secondary tis 
sue reaction, There may be marked pseudo 
epitheliomatous hyperplasia with greatly 
enlarged or elongated pegs in basal 
portions of the growths adjacent to the in 
Usually, the rete pegs have 
slender and tapering projections in con 
rounded invasive neoplastic 
which most characteristi 
cally distinguish an early carcinoma. The 
hyperplastic rete pegs may have a dis 
tinetive basal cell perimeter which 
often be recognized even if 
the section results in a rete peg appearing 
as a single or groups of 
cells (fig. 26) in addition to the portion 
continuous with the epithelium. Subepithe 
jial inflammatory reactions are prominent 
and include infiltrations of lymphocytes, 
plasma fibroblasts and epithelioid 
cells, and vascularization and fi 
brosis of the substantia propria of the cor 


cells 


rete 


VasIVe Areas 
trast to the 


of cells 


Can 
the plane of 


several isolated 


cells, 


increased 
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nea and conjunctiva. Although the sub- 
stantia propria of the cornea is normally 
almost devoid of blood vessels and lym 
phatics, such vessels do increase rapidly 
in number in the subepithelial tissues in 
apparent direct relation to the degree of 
irritation produced by the growing tumor 

Squamous Cell Carcinoma.—-While the 
tumors classed as early squamous cell car 
cinomas were distinguished by what was 
considered to be one or more initial carci 
nematous invasive ingrowths into the sub 
stantia propria, the full-fledged carcinomas 
include all eye tumors which have secon 
dary or more advanced outgrowths from 
the invaded areas. There may be deep in 
vasion through the substantia propria of 
the cornea to Descemet’s membrane; lat 
eral invasion under intact corneal, 
junctival, or cutaneous epithelium; or a 
invasion through the tumefied 
epithelium (probably responsible for many 
of the uleerating, 
the more differentiated carcinomas, 
ple epithelial pearls may be found 


con 
rey ersed 
surfaces In 


multi 
and it 


necrotic 


Fig. 24—Nests of tumor cells in this ocular squamous cell carcinoma in an old Hereford bull 
can be seen to be more anaplastic and invasive as they become separated from the still recog 


nizable basal cell layers of the tumefied epithelium (case D 2313). 


Hematoxylin-eosin stain. 


x 140. 


Fig. 25—A squamous cell carcinoma which covered only a 5- by 5-mm. area on the cornea of a 

5-year-old Hereford cow. Numerous budlike nests of tumor such as the one shown in the right 

center were seen as well as deeper areas of obvious carcinoma (lower right) (case D 2304). 
Hematoxylin-eosin stain. x 210. 
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TABLE 3—Month of Collection and Evaluation of 
Ocular Lesions Encountered in 548 Cattle 


Bilateral 
neoplastic 
involvement 


Unilateral 
neoplastic 
involvement 


Corneal 


Month Keratitis dermoid 


2 0 
1 


January 23 
February i7 
March 

April 0 
May 0 


0 


June 
July 0 
August 

September 

October 

November 

December 


Totals 

is not unusual for individual pearls to 
reach a size large enough to replace one 
half of the normal depth of the cornea. 
Anaplasia and other malignant changes 
are much more advanced than those seen 
in carcinoma in situ. Sometimes, groups of 
epithelial tumor cells appear either fusi 
form or in extremely cellular arrange 
ments in which cytoplasmic boundaries 
may be indistinet. Mitotie activity and 
formation of giant, double, or lobed nuclei 
usually increase in crude proportion to the 
malignaney of the tumor. A few tumors 
show definite neoplastic glandular forma 
tion in parts of their growths and an ori 
vin in or near glands associated with the 
eye is postulated. Seattered areas of nec 
rosis are common in the larger tumors. In 
the more malignant tumors, invasions of 
veins or lymphatics may be demonstrable 
as well as metastasis to lymph nodes or 


body organs 


INTERPRETATIONS 


The 613 bovine, squamous cell ocular tu 


mors, shown in table 1, actually were 


Fig. 27—An almost com- 
plete section of a squa- 
mous cell carcinoma which 
was present at the limbus 
of the eyeball of a 5-year- 
old Hereford cow. One of 
the smallest carcinomas, 
it covered an area of only 
5 by 2 mm. (case D 2297). 
Hematoxylin-eosin stain. 
x 28. 
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Fig. 26—An ocular carcinoma in an old Hereford 
cow which shows a cut section of an obvious, 
morphologically identifiable rete peg (arrows), 
three small budlike projections of tumefied epi 
thelium to the left of the section of the rete peg, 
and an obvious carcinoma at the bottom (case 
131679). Hematoxylin-eosin stain, x 110 


532 animals (table 3 Part ot 
numbers is explained 
indicated that 52 
In 29 other 
listed 
Two diagnoses were considered 


found in 
the discrepancy in 
in table 3 where it is 
cattle had lesions in both eyes 
instances, two diagnoses wer 
single eye 


necessary 


for a 


when two independent tumors 


a? 
| 


Fig. 28—A squamous cell car- 
cinoma of the eye in a 9-year- 
old Hereford bull. Histologi- 
cally, the cornea was invaded 
(fig. 30 and 31) only near the 
limbus, Other areas in the tu- 
mor appeared benign (case 
D 2237). 


Fig. 29—-A rather benign-ap- 
pearings quamous cell carcinoma 
with a crescent-shaped pattern 
of growth on the cornea and 
bulbar conjunctiva and deep 
lateral invasion (fig. 36) of the 
cornea (case D 2190). 


Fig. 30—A squamous cell car- 
cinoma (see fig. 28), showing 
in the blocked area the point 
of invasive invagination and 
carcinomatous change. A higher 
magnification of this area is 
seen in figure 31 (case D 2237). 
Hematoxylin-eosin stain. x 45. 


Fig. 31—Higher magnification 
of the invaginated epithelium 
shown in figure 30. Note the 
intact epithelium at the left of 
the invagination and how nests 
of tumor cells are invading the 
substantia propria (arrows) 
from the base of the area of 
neoplastic transformation (case 
D 2237). Hematoxylin-eosin 
stain, x 200 
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with the same diagnosis were found in dif-  prehensible analysis of our recorded data 
erent anatomic locations in the same eye are given in tables 1 and 2). In compiling 
(arbitrary locations chosen as best suited the data in the tables, only the diagnosis, 
to represent the most accurate and com or diagnoses, which represented the most 


Fig. 32—Section taken near the border of a 
squamous cell carcinoma of the eyelid in a 9 
year-old Hereford cow, showing two ball-like 
masses of neoplastic cells which are typical of 
those seen near the border of some squamous 
cell carcinomas of the eyelids. Note the point 
of attachment to the epithelium in the one at 
the left (case 130721). Hematoxylin-eosin 
stain. x 270. 


Fig. 33—A squamous cell carcinoma of the 
membrana nictitans in a 6-year-old Hereford 
cow. Note the tremendous thickening of the 
tumefied epithelium and the normal epithelium 
at the right side in an area not yet completely 
distorted by the tumor (case 131428). Hema 
toxylin-eosin stain. x 30. 


Fig. 34—Squamous cell carcinomas invading the 
cornea seldom penetrated completely to Desce 
met’s membrane (upper left). In this carci 
noma, found in a 6-year-old Hereford cow, a 
narrow fibrous and vascular connective tissue 
zone separated the tumor from the membrane 
(case D 2293). Hematoxylin-eosin stain. x 260 
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Davis 


453 Cattle with Squamous Ocular Tumors 


Years old 


Yearling 
heifer 


lo nearest year Veterinary inspector did 
advanced neoplastic change listed 
Therefore, a diagnosis of early squamous 
cell carcinoma not included in our 
data if a squamous cell carcinoma 
present in the same eye. In addition to 
including two squamous cell carcinomas in 
two different sites, a plaque and papilloma 
(plaques and papillomas are considered as 
having an equal precancerous potential) 
or either two papillomas or plaques found 
with carcinoma listed 
as two diagnoses unless they were identical 
diagnoses in the same anatomic site. Eyes 
in which there were three or 


was 


was 
Was 


no associated were 


more carel 


Fig. 35—A squamous cell carcinoma of the eye in 
an old Hereford cow which has extended exten- 
sively under the still-intact, corneal epithelium. 
The point of origin of the tumor could not be 
determined, although it may have been one of 
several, small, raised growths at the limbus. Fig- 
ure 37 represents a histological section through 
the cornea of this eye and figure 7 is an associated 
eyelid lesion (case 131808). 


not make any) 


Old 
animal 


247 


additional « specif é " f age 


nomas or with no and 
three or more benign tumors in different 
anatomic sites were not found 

Although the most advanced neoplastic 
lesion, or lesions, in each eye was included 
in our data, no attempt was made to eval 
uate the more benign tumors, one or more 
of which were found on 109 of these same 
eyes. Three illustrations (fig. 12, 13, and 
16) represent the same case, a carcinoma 
of the eyelid with parotid metastases in 
which a plaque and papilloma of the eye 
ball were not recorded in our tables be 
cause they did not represent the most ma 


eyes Carcinomas 


lignant lesions 
In the groups of 
and early squamous cell carcinomas, there 
were 140 tumors of the eyeball as com 
pared to two of the (table 1 
When an evaluation of these squamous cell 
carcinomas was made, 304 of the 471 were 
confined to the eyeball, 115 were limited to 
the eyelids and membrana nictitans, and 
31 had both eyelid and eyeball involve 
ment. In the remaining 21 carcinomas, the 
tumor was present in the orbital region 
and no remnant of eyeball could be found 
except in two 


plaques, papillomas, 


eyelids 


when squamous 
cell tumor deposits found at the 
scleral perimeter of a structurally intact 
but atrophic eyeball. The atrophie corneas 
of both eyes were tumefied only at thei 


instances 
were 


margins and there were no extensions of 
the of the 
Extensive metastases were present 


the carcinomas to 
eyelids. 
in the corresponding parotid lymph nodes 
of both eyes. It is postulated that an in 


conjunctiva 


complete removal of a corneal or conjunc 


tival scleral tumor might produce this 
kind of lesion 

The data from table 1 
the commonly expressed but poorly docu 
mented impression that tumors on the eye 
lids grow more rapidly and would be mor 
apt to appear in abattoirs as advanced 
cases, Some allowance would have to be 
made for the difficulty in detecting small 
tumors arising in the membrana nictitans 
ind the conjunctiva of the eyelids. How 


group 


would support 


ever, in reference to the 


important 
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TABLE 5—The Disposition of Cattle and Sheep Affected with Epithelioma at Denver's 
Federally Inspected Abattoirs During the Calendar Years 1952 and 1953 


Condemned on 


Postmorten 
Inspection 


\ntemortem 
inspection 


1952 
62 


no animals affected 


of usually multiple and, in early stages, 
benign tumors of the mucocutaneous june- 
tion of conjunctiva and skin, recognition 
of a probably neoplastic condition should 
be made as readily as in the instances 
where tumors involve the eyeball. It would 
be logical to expect that more of this kind 
of eyelid growths had been subjected to 
surgery or other treatment because of 


their objectionable appearance. There were 


Head condemned, 
remainder of carcass 
passed without 
restriction 


Total No. of animals 
affected with epithelioma 


O52 1955 


indications that many if not all of the 21 
orbital growths already discussed, as not 
directly associated with an eye lesion, rep 
resented the results of an unsuccessful 
surgical attempt to remove a primary ocu 
lar carcinoma 

Among the 532 cattle with ocular tu 
mors, the breed of 385 was recorded and 
378 were considered to be of predominant 
Hereford ancestry. The others were: Hol 


Fig. 36—Lateral invasion of a squamous cell carcinoma in the substantia propria of the cornea 
beneath nontumefied corneal epithelium. The appearance of this tumor at necropsy is shown 
in figure 29. Note the epithelial pearls in many of the deep nests of the carcinoma (case 


D 2190). 


Hematoxylin-eosin stain. 


x 45. 


Fig. 37—A squamous cell carcinoma invading laterally under corneal epithel.am. The tumor 
is confined to the cornea by a still-intact Descemet’s membrane (arrows). The appearance of 
this eye at necropsy is shown in figure 35 (case 131808). Hematoxylin-eosin stain, x 20. 


25 
Species 1952 1953 1953 1952 19538 FSCS 
(atth i2 21 1.445 2,977 1.55 
Sheep 1 
— 
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stein-Friesian, 4; Guernsey, 2; and Short 
horn, 1. An effort made to 
ocular tumors from Aberdeen Angus and 
the increasingly popular crossbred Here 
ford and Aberdeen Angus cattle but none 
was found during the year. Carcinomatous 
from such animals have never been 
submitted to this laboratory 

The estimated ages of 453 of the 532 cat 
tle ineluded in this study are listed (table 
j Considering that cattle slaughtered in 
the Denver abattoirs are predominantly 
under 6 years of age, many of our cases 
would appear to represent older breeding 
which had culled by the 

They included 3 Hereford 
steers, 2, 4, and 7 years old. Tumors were 
submitted from 9 Hereford and 1 mixed 
breed bulls, 3 of which were listed 
years; 1 each as 6, 9, and 10 years of age; 


Was recover 


eyes 


animals been 


stockmen 
9 


as & 


and 4 as old animals 

The gross and photomicrographic illus 
trations were selected primarily to show 
our interpretation of the basis for a diag 


Fig. 38—A horizontal meridional section of a tumefied eyeball in a 10-year-old Hereford cow. 
Apparently, the tumor was at first confined to the cornea and bulbar conjunctiva but later 
invaded the anterior chamber of the eye and produced a proliferation of the pigment of the 
iris and ciliary body. The growth did not penetrate the posterior chamber of the eye although 
it forced the-lens (center) and other attached structures to be displaced into the cavity of that 
chamber. The microscopic appearance of the tumefied iris is shown in figure 39 (case, 131543). 
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nosis of early squamous cell carcinoma and 
squamous cell carcinoma. Any growth not 
having the invasiveness of an early carci- 
noma would be classed as either a plaque 
or papilloma made on 74 
plaques, 38 papillomas, and 30 early squa- 
mous cell table 1) show the 
average arithmetical diameters of plaques 
as 7.5 mm., papillomas as 13.9 mm., and 
early squamous cell carcinomas as 13.5 
mm. Plaques projected an average of 1.4 
from the free surface of the eye, as 
compared to 6.7 mm. for papillomas and 
1.3 mm. for early cell carei 
nomas. These figures indicate that papil 
lomas are not only the largest but also are 
the most excrescent of the three types of 
The comparatively small size of 
carcinomas and une 
quivocal encountered in this 
survey was amazing. The dimensions listed 
for several tumors, illustrating pertinent 
diagnostic points in classification, are typi 
cal for the size at which a small but appre 


Observations 


carcinomas 


mm 


squamous 


tumors. 
several of the early 
carcinomas 


Fig. 39—Section of tumefied iris (see fig. 38) showing proliferating but not neoplastic pigment 
cells and deposits of their pigment intermixed with irregular masses of cells of a squamous cell 


carcinoma of the eye (case 131543). 


Hematoxylin-eosin stain. x 260 
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ciable percentage may undergo malignant 
transformation (fig. 8, 9, 25, 27, and 28). 

Several of the more common types of 
invasiveness of an early squamous cell 
carcinoma are shown in photomicrographs 
(fig. 19 to 21) and the further invasiveness 
of an unequivocal carcinoma is also illus- 
trated (fig. 22 to 27, 30, 31, 33, 34, 36, 37, 
and 39 to 41). There may be indecision in 
the differentiation of an early squamous 
cell carcinoma from a benign lesion but, 
under our classification, there should be 
no hesitation in making a diagnosis of 
carcinoma 

In figures 30 and 31, we have an exam 
ple of what Willis ** designated as invasive 
invagination of the epidermis in the early 
stages of transformation of a squamous 
cell carcinoma. There is an invasive 
growth of tumor cells at the base of the 
invaginated epithelium to establish the di 


fa 
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agnosis of squamous cell carcinoma. A 
phenomenon closely related to, or a part of, 
invagination which may be helpful in di 
agnosis is shown (fig. 32). At the borders 
of eyelid tumors, we frequently see these 
ball-like masses of neoplastic squamous 
cells. They sometimes have cornified cen 
ters (epithelial pearls) and usually are 
still attached by a narrow neck to the epi 
thelium or appear free in the substantia 
propria (probably a section of a tubular 
invagination of a tumefied epithelium). In 
all instances, frank carcinomas have been 
associated with these tumefied masses in 
other sections of the lesions, although see 
ing them only with a benign tumor, one 
may hesitate to classify them as squamous 
cell carcinomas. These balls are probably 
closely related to the budlike projections 
associated with early squamous cell carci 
nomas (fig. 21 


Fig. 40—Invasion of the cartilage of the membrana nictitans by a squamous cell carcinoma of 


the eyelid in an 8-year-old Hereford cow (case 131370). 


Hematoxylin-eosin stain. x 105. 


Fig. 41—A typical cordlike extension of a squamous cell carcinoma of the eyelid into tissues 
behind the eyeball. This tumor in an old Hereford cow was growing along the perimeter of 
the optic nerve which is seen in the upper portion of the illustration (case 131749). Hematox 


ylin-eosin stain 


x 30. 
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Onee secondary invasion from a pri 
mary lesion of a squamous cell carcinoma 
taken gen 
eral patterns of growth are seen. On the 
eyeball, there may be direct and deep in 
the 
propria of the cornea until growths nearly 


This 


has place, several interesting 


vasion by carcinomas of substantia 
membrane 
elastic membrane, in contrast to Bowman’s 
membrane of the cornea, to be 
quite to neoplastic penetration ; 
we have never observed its penetration by 
a carcinoma. Usually the tumors approach 
until only a narrow fibrous and vaseular 
connective tissue zone separates them from 
the membrane (fig. 34), then they grow 
laterally rather than invade through the 
membrane (fig. 36 and 37) 


On gross 


penetrate to Descemet’s 
appears 
resistant 


tumors 
grayish, 


glistening 


examination of 
the 
with a 


some 
which involve 


oOpaqtie 


eyeball, a 
smooth, 
; If there are 


( fig 
projecting tumor 


cornea 
surface can be seen 
any associated, 


they 


TNASSCS, 
cover a large portion or small 
the (fig. 10 and 29) 
In other eyes, there are no visible external 
yrowths. In with an 


may 
segments of cornea 
eyes Opaque 
ocular squamous cell care) 
found that a tumefied and 
thickened cornea was responsible for the 
opacity (fig 


cornea 
related to an 
noma, it Was 


$5 and 37 


In the eyes with 
corneal carcinomas which had no apparent 


external point of there may have 
originally been a papilloma. If its external 
surface was removed, its base could easily 
proliferating cor 


Origin, 


have been overgrown by 
neal epithelium 
A more de 


‘p and lateral spread of the 


DAVis 


whicl 
finds 


originate at the 


vrowilng 


eyeball tumors, 


limbus, sometimes tumors 
around the border of 
brane and into the 
the iris angle of the eye 


continue as a growth into the ciliary mus 


Descemet’s mem 
meshwork and 
They sometimes 


scleral 


cle and ciliary processes, but a more spec 
tacular route is to invade the iris. If the 
iris becomes progressively tumefied, it may 
attain a remarkable size (fig. 38) and ad 
hesions will usually to anchor it to 
both the 
Cells of the pigmented epithelial layer and 
of other pigmented areas in the iris and 
ciliary body undoubtedly multiply and 
become the tumor 


mass Is con 


form 


Descemet’s membrane and lens. 


also scattered among 


black, fibrous tumor 


encountered on 


cells; a 
sistently 
At first, a complicating melanoma of 
the ciliary body, a tumor not rare in man, 


section of these 


eyes 


was considered as a possible necropsy di 
the 


sclera 


addition to obvious 
and 


Hlowever 


care) 
which 


on histolog 


noma of the cornea Was 


always seen with if 
ical section (fig. 39), there was a consistent 
pieture of 


epithelial cells similar to those seen in the 


nests of neoplastic squamous 


primary tumor on the eonjyunetiva or cor 
nea imtermixed masses of 
In the iridal 


poorly defined cells containing cytoplasmic 


with pigment 


stroma of these growths 
pigment granules are frequently seen and 
these may be hyperplastic pigment-produe 
ing cells. Ash 
being of rare occurrence in 
undoubted! 


mentions Iris Invasion as 
This is 


bovine 


irtte as if Is seen In 
tumefied 


would he 


which have obviously been 


eves 


for many months longer than 


Fig. 42—A bilateral sub 
acute keratitis in an 8 
month-old Holstein-Frie 
sian calf. A fistulous tract 
in the center of each 
cornea extended into the 
anterior chamber of each 
eyeball (see fig. 45) (case 
130803) 


“a 


Fig. 43—A unilateral, subacute keratitis in a 1-year 
did not produce a fistula into the anterior chamber of the eye (case 130820). 


Fig. 44—A chronic unilateral keratitis in a 6-year-old Hereford cow. A photomicrograph of a 
section of cornea of this eye is shown in figure 46 (case 130492). 


Fig. 45—A subacute, ulcerative keratitis which has extended through the cornea as a fistula 

into the anterior chamber of the eyeball, also showing a slight proliferation of iridal pigments 

along the borders of the fistula. There is often a proliferation of iridal pigments in these 
fistulas (case 130803). Hematoxylin-eosin stain. x 15. 


The appearance of this eye at necropsy is shown in figure 44 


Fig. 46—A chronic keratitis. 
Hema 


Note the inflammatory membrane covering the intact corneal epithelium (case 130492). 
toxylin-eosin stain. x 110 
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patients. The lesion 
should not be confused with melanomas 

The limbus-iris route of invasion was 
probably followed in many, if not all, of 
the 67 carcinomas (table 2) which had pen 
etrated into the anterior chamber. Our 
criterion of penetration into the anterior 
‘hamber was for the tumor to form adhe 
sions with, or to contact, the posterior or 
the endothelial lined surface of Descemet’s 
membrane. Tumors invading by way of 
the iris are actually confined to the ante 
rior chamber and prevented from re-enter 
ing the substantia propria of the cornea by 
Evidence 


tolerated by human 


an intact Descemet’s membrane 
of invasion into the anterior chamber in 
67 of 335 cases of carcinoma of the eyeball 
table 2) 
sequela of advanced cases of the disease 
The rapidly 
yrowing and malignant tumor of the eye 


indicates that this is a common 


great invasiveness of a 


lid and membrana nictitans can be shown 
in many ways and the invasion of cartilage 
fig. 40) is an excellent example. Primary 
skin or conjunctival tumors invading the 
orbital tissues often seem to grow in cord 
(fig. 41) eventually 
invade the bone of the orbit if fatal 


While 


and be 


like extensions and 
may 
metastasis has not already occurred 
the carcinomas around 
hind the eyeball to produce marked at 
rophy of that structure, there is no evi 
dence in our study of direct invasion into 


the posterior chamber through the sclera 


may grow 


In some instances, there may be extension 
of the carcinoma into the posterior cham 
the eye by growth 
around a partially or completely displaced 


ber of progressive 


lens 
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It has been mentioned that squamous 
cell carcinomas frequently have a reversed 
invasion which carried the proliferating 
areas back to the surface of the growth. 
We believe that this reversal is more com 
mon in conjunctival and skin tumors and 
is indirectly responsible for the frequently 
encountered surface ulcers and 
Other factors contributing to the necrosis 
and ulceration would include’ bulkiness, 
secondary inflammatory reactions, and cir 
culatory phenomena which may result from 
an uncontrolled new growth of tissue 
The data, compiled under the heading of 
visible ulceration at (table 2 
are of particular meat 
inspection standpoint. These ulcers were 
visible as demarcated areas in which the 
surface of the tumor replaced by 
black-to-yellow, soft, slimy, or watery ma 
terial (fig. 7, 8, and 12). They were usually 
with a foul necrosis 
which might be found throughout the tu 
such the are ap 
propriately condemned immediately after 
they removed (if the were 
not condemned on antemortem inspection 
and 


necrosis 


hecropsy 


interest from a 


Was 


associated odor and 


mors. In heads 


CHSES, 


are CAarCasses 


as the necrotic material adheres to, 
contaminates, any object which it contacts 
Deeper inflammatory degenerative 
conditions, keratitis, 


conjunctivitis, lymphadenitis, cellulitis, 


and 
such as secondary 
and sometimes an appreciable secondary 
necrosis, were found in varying degrees in 
all of the malignant eye tumors but were 
not considered under this heading. They 
would have importance in the disposition 
We were interested strictly in 
which 


of heads 
the 


would unequivocally be 


heads 


Fig. 47—A unilateral corneal dermoid in a 2-year-old Hereford steer (case 131408). 


Fig. 48—Bilateral corneal dermoids in an old Hereford cow (case 131562) 
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a source of contamination to the meat 
packer. 

Uleers were found only in tumors con- 
sidered to be ocular carcinomas. The rela- 
tive proportion of ulcerated carcinomas in 
varying anatomic sites can be found by 
comparing columns 1 and 2 of table 2. Of 
471 carcinomas, 199 (roughly 2 out of 5) 
had an ulcerated surface. While slightly 
more than one of five (62 of 304) carci 
nomas confined to the eyeball were ulcer- 
ated, more than four of five (137 of 167) 
involving extra-eyeball ocular structures 
had visible and unquestionable ulcers. No 
disposition except condemnation of the 
heads can be made when an ocular carci 
noma with an ulcerated surface is present 


DISCUSSION 


Surgical procedures followed by veter 
inarians in the treatment of early or mod 
erately advanced epidermoid tumors of 
the bovine eye, as a rule, are much more 
drastic than actually required to 
pletely remove the tumefied areas. This 
may be in part due to a lack of under 
standing of the behavior of these neo 
plasms. In the West, stockmen feel 
that, economically, only a single visit by 
a veterinarian to treat possibly several an 
imals in a beef cattle herd which are af 
flicted with eye tumors can be afforded. 
However, it is deplorable when enucleation 
becomes the only method of treatment con- 
sidered worthwhile by a practitioner 
Frank,’? in 1943, outlined the basie sur 
gical procedures which should be employed 
in the treatment of these tumefied eyes and 
they are still applicable. He mentioned the 
desirability of removing small tumors of 
the cornea, membrana nictitans, or eyelid 
with a sharp seapel. Such surgical speci- 
mens should be submitted to a histopathol- 
ogy laboratory to see that the base and 
outer borders include all of the tissues in 
vaded by the neoplastic process. Failure 
of the surgeon to effect a complete removal 


most 


would justify a second and more drastic 


operation. How easily a tumefied basal 
area might be left behind in a papillary 
unless a generous excision is 
employed is illustrated (fig. 4 
Beta radiation, radioactive cobalt, and ra 


don have been used by a few veterinari 


carcinoma 
and 5 


26, 28 


in selected cases of bovine. epi 
ocular tumors with apparent 
When facilities exist, 


dermoid, 
such 


good results 


Squamous CELL CARCINOMA OF THE Eye IN CaTTLi 


Fig. 49—A malignant lymphoma of the bulbar 

conjunctiva of the eyeball in a 6-year-old Holstein 

Friesian cow is shown in the upper portion of the 

picture. Ordinarily, this lesion is easily differen 

tiated at necropsy from a squamous cell carcinoma 
(case D 3108). 


treatment may be and 
desirable especially during the periods of 
the year when surgical wounds would have 
to be protected from flying insects 

Although the epidermoid eye tumors are 
comparatively more rare in man than in 
the bovine population, the same basic prob 
lems exist in their treatment. Ash,’ in 
1950, reported that many eye enucleations 
were done in man in the treatment of epi 
thelial eye tumors finally diagnosed as be 
nign when simple excisions would have re 
sulted in complete recovery, thus saving 
the eyesight. Ash warned of the dangers 
of recurrence unless the surgeon either be 
fore or after the operation made a careful 
slit-lamp examination of the conjunctival 
epithelium to assure eradication of all al 
tered epithelium 

Recognition of epidermoid tumors and 
their differentiation from other 
plastic conditions is often possible when 
cattle are examined at antemortem inspec 
Doubtful lesions can always be ex 
amined carefully at postmortem 
tion. It has previously 
that the hyperplastic and inflammatory en 
largement of the membrana nictitans and 
the vernal catarrh of the eyelid conjune 
tiva might resemble a plaque or papilloma 


more satistactory 


non-neo 


tion 
Inspec 


been mentioned 


“> 

=> 

~ 

“4 

y 
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Acute and subacute lesions of infectious 
keratoconjunctivitis (pinkeye) 
not be confused with ecular care 
Figure 42 is an illustration of a 
bilateral keratitis which might 
ulcerative form of the dis 
was also distinctive mi 
croscopically (fig. 45). The chronic forms 
of the disease in individual animals with 
no available herd history are the most dif 
ficult to differentiate from epidermal tu 
mors. A keratitis which might be a chronic 
form of pinkeye or some other progressive 
keratitis is shown (fig. 44 and 46). No evi 
dence of neoplasia was found in the eye 
shown in figure 44 but a unilateral chronic 
keratitis shown in the figure 
warrants a careful examination 

Some traumatic have 
suspicious areas which have to be studied 
histologically to eliminate a diagnosis of a 
co-existing primary 
possible to determine the etiological factors 
nee 


bovine 
should 
Homas 
subacute, 
have been an 
This lesion 


CASE 


such as is 


cases of keratitis 


carcinoma, It is im 
of most cases of subacute keratitis at 
ropsy in meat inspection. Traumatism may 
often be responsible for a unilateral kera 
titis such as Is shown (fig. 43 

There were four examples of conjuneti 
val ‘‘dermoid’’ in our survey which might 
have been confused with an epidermal tu 
They were found at the limbus of the 
unilateral involvement (fig 
bilateral involvement (fig 
” described the embryonic 
and 


mor 
eyeball as a 

17) and as a 
Runnells 
development of from 
skin and 
them as neoplastic-like disturbances of de 
velopment, He mentioned that an unusual 
location for dermoid in Hereford cattle 
was in the eyelid and on the cornea. All 
of our cases were found in Herefords 
Ash'* and Ash and Wilder described 
these same embryonie dermoids in 
Schmidt,*? in 1941, dermoids as 
abnormalities in 2 calves born to Jersey 
low diet. Sehmidt’s 
that the dermoids were a manifesta 
tion of a vitamin A deficieney 
proved by his experiments. 


dermoids skin 


ACCeSSOrS structures regarded 


man 
observed 
cows On a carotene 
idea 
was not 


Kye involvement in cases of malignant 


lymphoma is not uncommon, but generally 
for 
at clinical 

those of carcinoma of 


there is no basis confusing these le 
either examination or 
necropsy, with the 
Growth of a malignant lymphoma in 


the bulbar conjunctiva produced lesions in 


SIONS, 


eve 


ANDERSON 
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one our tumor 


(fig. 49 


con 


eye in survey 
which had a slight resemblance to a 
junctival found in 
other anatomic locations in this case, and 
in a case with involvement of the 
membrana nictitans, necropsy di 
agnosis of malignant lymphoma almost a 
certainty before histological examinations 


carcinoma Lesions 
second 
made a 


were conducted 
The finding of squamous cell carcinoma 
at the corneal-bulbar conjunctiva junction 
in over 50 per cent of our cases (table 1 
is in general agreement with observations 
of Steiner and 


and Loquvam on 


and of Russell 
groups of tu 


sengston 

similar 
mors observed in specimens collected from 
federally We 
fewer limited to the 
brana nictitans did Russell and Lo 
quvam (17% wonder if they did 
not include 
the eyelid in 
on the 
They made 
junctival 
12 per cent of our ocular carcinomas 


inspected abattoirs saw 


tumors (2% 
than 


and we 


mem 


the skin of 
found 
the eyelid 


skin-con 


tumors involving 
) per 


their 22 cent 
mucous membrane of 
no mention of the 
which over 


The 


sharp differentiation of epithelium at the 


tumors represented 


conjunctival-skin junction of the eyelid is 
a more obvious embryological junction of 
than the limbus. If 
areas of the eye 
apt 
to occur, when they are subjected to irri 
tation, it is not difficult to imagine at least 
an equal exposure of the eyelid to wind 
dust, and sunlight as that which takes 
place to portions of the limbus exposed 
through the palpebral fissurs 

There has been only 
plete reference to the occurrence of mul 
tiple ocular tumors in 
bovine eyes and even less in regard to bilat 
eral involvement. Frank '* reported never 
seeing bilateral involvement. Guilbert ¢/ 
al.'* observed multiple wartlike masses as 
unilateral or bilateral growths on the lower 
eyelid of cattle but never more than a uni 
lateral development of a malignant tumor 
in these same eyes. In the section on inter 
pretations, it was indicated that 52 of the 
532 cattle had bilateral neoplastic involve 
ment. It that 29 af 
fected eyes had multiple tumors of equally 
important diagnostic significance in differ 
ent anatomic locations and that 109 had 
additional, independent but more benign 
growths than those which were diagnosed 


epithelial surfaces 
two 


are the zones where tumors are 


these last-mentioned 


more 


meager or mecom 


squamous single 


was also mentioned 


VeT. Kes 
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and recorded in table 1 as the most malig 
nant tumor or tumors of the affected eye 
These figures overlapped in regard to mul 
tiple lesions on single eyes. To summarize 
the data on multiple tumors, 148 (28% 
of the 532 cattle with ocular squamous tu 
mors either had additional, multiple, inde 
pendent growths or a_ bilateral involve 
ment 

The 4.7 per cent occurrence of parotid 
metastases in the present study was much 
lower than the 15 per cent of Russell and 
Loquvam It is not the purpose of this 
paper to go into the behavior and charac 


teristics of metastatic ocular carcinomas 
We did section many extremely hyperplas 
tic and enlarged parotid lymph nodes and 
find metastases 
necropsy Stel 
that this 


lyvmphogenously 


did we 
evident at 


in no stances 
which were not 
ner and Bengston’s observation 
earcinotia metastasizes 
late in its development is supported by the 
The single case of parotid 
metastasis Trom a the 
ball (table 2) is an indication of the rarity 
of that phenomenon when only the eyeball 
However, there is no way of 
original eyeball 
carcinomas infiltration to in 
volve the eyelids and then metastasize by 
the lymphatics to the parotid lymph nodes 

Our criterion that orbital 
growth contain no recognizable remnant of 
eve (table 1 and 2 
identifiable structural part 
ment. Pigment, if present, 
sumed to be derived from a remnant of the 
ciliary body, iris, choroid, or We 
have found other remnants of eye in orbi 


present survey 


carcinoma of eve 


is Involved 


determining how many 


spread by 
region 
Was an absence of any 
including pig 


could be as 


retina 


tal masses in which initial histological sec 
pigment 


tions had revealed only and or 
ganized inflammatory tissues 

It was estimated that 82 per cent of the 
the 


were of a 


slaughtered cattle at Denver abattoirs 


in recent predominant 


Hereford breeding, 3 per cent of other beef 


years 
including an increasing yearly 
Aberdeen Angus 
15 per cent of dairy breeds 


breeds 


number of and about 


This was the 
consensus of Denver veterinary stockyard 
meat inspectors, 


Inspectors veterinary 


and meat packers and 


Cattle going through the 


brand 
their employ COCs 


inspectors, 
Denver stockyards as feeders or for gen 
eral sale, particularly in the fall 
may well be over 95 per cent of the Here 
ford breed but 


months 


this estimate is of no im 


(‘ARCINOMA OF THI 


Eye Carri 


evaluating the occurrence of 
slaughtered cattle 

The contention that November and De 
cember are the months when 
eve cattle are slaughtered is supported by 
the monthly the collection 
table 3) poor 
wintering thei 
reproductive culled on many 
ranches in the fall. This 
close Inspection of cattle generally results 
in the inclusion of older 
diseased eyes in the shipment of unprofit 


portance i 
cancer eye in 
most cance 
breakdown for 


considered to be 
the end of 


(‘ows 
risks or near 


life 
late summer or 


many cows with 
able breeding animals 

The age of the animals in relation to the 
month in which they were slaughtered was 
table 3 but, 
did observe that 
estimated to be in the } to 


not listed in tabulating the 


data, we more of the cows 
old 
slaughtered in the January to 
Cattle from 


September 


group 
July period 
collected in 
not only older animals but usually had ex 


were 
whom wer 


to January 


eves 
were 
tensive lesions. The estimated average age 
of the affected 
be at 
to the average of 


cattle in our would 
table 4 


D years reported by Rus 


least 8 years compared 
sell and Loquvam 

Qur observation supports that of others 
in previously published papers that squa 
mous cell carcinoma of the bovine eye is a 
only 


tumor which usually metastasizes 


after a long period of progressive growth 
Those originating on the eyeball metasta 
the 
There is only meager recorded data on the 
follow-ups of cattle afflicted with eye tu 
to local 
growths after treatment 


only in most advanced stages 


mors In respect recurrence of the 


Correlated infor 
mation on the clinieal and microscopic ap 
pearance of the neoplasms, and the method 
and result of treatment, would be valuabl 
data 


The pr obable 


eertain 


inherited susceptibility of 
cattle to 
and the questionable value of sal 
afflicted 


member of a 


families of carcinoma ot 
the eye 
vaging an animal for additional 
breeding herd ar 
the 
veterinarian No 
the herd 


CHSCS SO these problems will only hye 


Use a 


problems of importance to breeder 


veneticmst, and attempt 


was made to identify origin of 


Our 
mentioned Investigators are conducting 
long-term studies on individual herds and 
their that 


there predisposition 


preliminary reports indicate 


higher hereditary 


Is a 


MonLux 


to the development of bovine ocular carei 
noma in some bloodlines 
SUMMARY 


A total of ocular squamous cell tu 
mors, collected at necropsy from 532 cat 
tle, were studied to determine their more 
distinctive patterns of growth and to es 
tablish a basis for their classification. They 
were found in a 12-month survey of bovine 
eye tumors in three Denver abattoirs. Of 
the 532 cattle, had bilateral squamous 
cell tumors. 

It was that 
squamous cell tumors be designated as epi 
dermal plaques or papillomas and their 
malignant counterpart as early squamous 
cell carcinomas cell 
nomas 

A detailed study 
the ocular tumors, 
nant neoplasm or 
from each eye studied 


proposed benign ocular 


or squamous Carel 


613 of 
the malig 
group of neoplasms 
The other 109 tu 
mors were independent tumors of a more 
benign occurring 


of 


most 


was made 


using 


one or 
the affected 
a8 a of 


the behavior of 


classification 
additional growths 
they not used 
data in the evaluation of 
individual ocular tumors 

Of the 613 tumors, 471 
cell carcinomas, 
squamous cell carcinomas, 38 as epidermal 


aS 
more on 


were source 


were diagnosed 


as squamous 40 as early 


papillomas, and 74 as epidermal plaques 


Of the 471 22 had 
sized to the parotid lymph nodes and four 
of these had additional metastatic 

There were 199 which 
ulcerated surfaces and would have 
source of contamination if the lesions had 
detected in the inspection 


Carcinomas, metasta 


lesions 
had 


been a 


Carcinomas 


not been pro 
cedures 
Of 835 
ball, 67 had penetrated into the 
chamber of that structure 


the 


anterior 


involving eve 
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Virulence of Leptospira Pomona in Hamsters and Cattle 


A. H. HAMDY, B.V.Sc., M.Sc., and L. C. FERGUSON, D.V.M., Ph.D. 


Wooster, Ohio 


THE SYRIAN HAMSTER is being used exten- 
sively in the study of leptospirosis but 
there is little information in the literature 
on the virulence of Leptospira pomona in 
these animals. The objectives of the inves 
tigation described in this report were to 
study the effect of serial passage on the 
virulence of L. ponona in hamsters and to 
obtain some information on the effect of 
this hamster passage on the virulence of 
L. pomona for cattle 


LITERATURE REVIEW 


Meyer ct al.” observed that 
pigs are susceptible to infection with Leptospira 
canicola and that the chief 
febrile reaction accompanied by 
They added that 
pigs was rarely seen, but continued serial passage 
animals tended to 
deaths. Waleh-Sorgdrager 
out that the disease in pigs due to 
with L milder than 


Leptospira icterohaemorrhagiac 


very young guinea 
disease 


loss of 


guinea 


signs of the 
were a 
also death in 


weight 


increase the relative 


14 


in these 
number of pointed 
infee 

that 
Pack 


species 


guinea 


tion canicola was much 
caused by 
20 


chanian studied the suseeptibility of 32 


virulent strains of 
He coneluded 


American deer mice, genus Peromyscus, 


and subspecies of rodents to 


L. iterohaemorrhaqiae. that certain 
species of 
were suitable as susceptible laboratory animals 
diagnosis of 


white 


and for 
stated that 
extremely susceptible to J 


for experimental studies 
Weil’s 
(Mus 


ictcrohacmorrhagiac 


disease Larson mice 


musculus) were 


Mor 
to leptospiras Using 
that 
although the 
blood. 

(Cricetus 
both L 


and are of 


Syrian hamsters 
their susec ptibility 
strain of L 


were first investigated by 
ton for 
n single canicola, he found ham 
infeetion 


detected in the 


sters survived the organ 


could be Larson 


that 


reported hamsters auratus are 


infection with ictcrohaem 


and JI 


susceptible to 
value in 
found 
that J 
jaundice, hemorrhage, 


orrhaqgiac anicola 


isolation identifieation of leptospiras 


in man and animals. He also noticed 


caused 
pigs, 


days 


hamsters 
that L 


and 


adde d 


and death in guinea mice, 


within four to ten Larson 


From the Department of Veterinar 


Agricultura Station Wooster 
Taken 
to the 


fulfillment of the 


Experiment 
thesia submitted by the 


Ohio State 


from a senior suthor 


Graduate School University, in partial 
degree 
Department of 


State Uni 


requirements for the M.S 
Ferguson is 
Health, Michigan 


The present address of Dr 
Publi 


Lansing 


Microhiolog and 
Fast 
Appre« 


veresit 


jation is expressed by the authors to Dr. V. I 


Sanger for his helpful Assistance on the histologica 


xXamination 


killed 
reaction with loss of weight in guinea pigs 
concluded that the golden 
hamster is the animal of choice for isolation of lep 


canicola hamsters, while it eaused only a 
febrile 

Randall and Cooper 
tospiras, especially L. canicola, since young guinea 
and rats 
that L. can 


found to 


infection 
stated 


resistant to 
They 
icterohacmorrhagiac 
fatal infection in 
Van Der Hoeden 


albino hamaters, 


pigs and mice are 


are entirely refractory 


and J 


produce a 


cola wer 
hamsters in five to 
ten days 
pigs, 
were susceptible to a number of strains of lepto 
He added that death 


with J iclerohacmorrhadgiac md J 


reported that guinea 


mice, voles, and gerbiles 


spiras illness and occurred 
occasionally 
pomona 

MeTHops 


MATERIALS AND 


were ob 
Hameater New 
Field, N.J. A supply of healthy hamat« was 
kept in cuges, infected 
kept in separate cages in another building 
rabbit 


used in this 


Lakeview 


Hamsters investigation 


tained from Colony, 


colony while ones were 
They 
were fed commercial pellets containing 


approximately 15 per cent crude 
fat, and 18 per 

antibiotics 

this 
herd 


an isolation building 


cent erude cent erude fiber, with 


no added 
Cattle 
experiment 


used in experiment were from the 
maintained in 
They 


and ground grain containing 
with no added 


station and were 
separate 
fed a 
approximately 15 per 
antibiotics All 
intibodies at the 
The strain of J 
infections 
of a 


The organism 


pens in were 
ration of hay 
cent protein, 


were negative for leptospiral 


time of exposure 


pomona use d for « xperimental 


was originally isolated from the 
infected 
identified as J 
Hardaere strain The 
Schiiffner medium 


passages it hamsters oF 


urine 


naturally cow in 1953." 


August, 


was pomona and 


was designated strai 
with 
pigs The 


serological test 


maintained on 


wan 
casional guinea 
strain of J utilized for 
had been 
Medieal Center 


to 7-day-old 


pomona 
from the Arm) 
NIH Four 


used im the 


previously obtained 


and designated 
culture vere igg@iuti 
tion-lysis test 
Schiiffner ’s is 
" isedl for the 


1 to 0.2 mi. of blood, 


modified Verw 
About 


obtained | 


euiti tion of leptospiras 
aseptically 
cardiae puncture in hamsters or from the jugula 


vein in cattle, was inoculated direetly into « 
Sehiiffuer’ 
incubated at 


weekly 
of leptospiras The 


medium Theme 
doh 


intervals to detect the 


two tubes of 


were and 


field 


presences 


Microscopy it 
eulture was consid 


Obtained from Dr. } Department of B 


teriolog Ohio State hive Columbus 


— 


A. H 


ILAMDY A 


ered negative no 


ufter to f 


Organisn 
ecks 


leptospir is 


tected four 


Search for ti ies of hamaters 


hich died 


or were destroyed after infection was 


preparation of fresh 


dark 


on coverslip tissus 
field 
The 


SUS 


using 
ition of | 


i 


mug 


or 600 organi 


lemoustrated it 


method 


Cattle re exposed to leptospir 


ith « suspension of kno infeeted 


One milliliter of blood ul about 


from infected hy 


of 


it 


ive milliliter of the 


htramuseulari 
tonentl inte 
camined by «ark 
tion te determing 
Beenuse o 
the nun 
or 


microscope fhe 


1) The Effect the 


Virulence of Leplospire Pomona in Ham 


ot Serial Passage on 


slers 


Direct serial passage in hamsters, 


about 3 to 5 weeks old. started 
Mareh 22, 1955, by intraperitoneal inocu 
lation of 0.1 ml. of a culture of L 
Hardacre strain Blood was collected by 
puneture the 
days following inoculation and part of it 
of Sehiiff 
ml. of the 
Intraperito 


Was on 


pomona 


cardiac from hamsters four 


tubes 


two 
0.1 to 


was also injected 


was inoculated into 


medium and 
blood 
neally into 1 or more susceptible hamsters 
This direct to 
was continued the 
table 1 

In the early 
survived 


ner’s 
fresh 
animal 


animal 


passage 


with results indicated 


infected hamsters 


of 


however vyeneralized 


Signs 


TABLE 1—Changes in Virulence of Leptospira 


FERGUSON 


the 


inoculated 


ninth and 
hamsters 
the 


destroyed 


obset Ve a 
The 


passages 


tenth 
of the early 


were on 
passages 
recovered from 
disease but, when they were 
late as 84 days after exposure, the kidneys 
were grossly involved and leptospiras were 
by field 

sixteenth both 
hamsters died after 
the transfer w thereafter 
the third Mortality 
100 per t he 
yressed of the hamsters died 
third At the twenty-sixth 

the hamsters died on the fifth or sixth day 
and th 
at the twenty eighth 
or pa 
vith a blood culture from a 
hac with 
experimentally infected 
The blood transfers 
fourth day up to the sixteenth 
then the third 


this series comparable 


demonstrated dark 


At the 


inoculated 


passage, 


four day 


injection 


and “aS made on 
approximated 
pro 
the 


passage 


day 


eent and, as passage 


most by 


day 


following eX posure series Was 


terminated 


passage 


A second seri sages Was Initiated 
hamster which 
a cow 


thie 


been 


vith Hardacre 
strain made on 


the 


and 


vere 
passaye 
that to 
the first 
Since this reduced interval appeared to re 
sult of the 
the on the 
after the twenty-first passage 


atter 
to 


Onl day 


make 
in a loss of virulence organisms 
fourth day 
ol 
comparable to those 
that the 
Was hot so rapid At 
the hamsters 


transfer was mad 
Results 
this experiment were 
the first 
increase virulence 
the twenty-sixth 
died on the tenth 
progressed, the virulence 
increased The 

the third day at 
at which the 
the third day. Thi 
seventh passage died on the sixth and sev 
(table 2 
the 


obtained in series except 
in 
passage 
the 
the 


were 


and 
ol 


day “aS passage 
hamsters dying by 
the thirty-first 


transter 


passage 
made On 


hamsters of the thirty 


Was 


Hlemoglobinuria 
the for t\ 


enth days was 


present at time of death in 


Pomona Following Serial Passages in Hamsters 
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VIRULENCI 


OF LEPTOSPIRA IN 


HAMSTERS AND 


TABLE 2—Second Serial Passage of Leptospira Pomona in Hamsters 


of 
Time of 


bleedin 


ith day 


fourth and fifty-fourth hamster 
and leptospiras were demonstrated in the 
urine of both animals by dark field micros 
Copy. 

The effect of freezing temperatures on 
leptospiras in infected collected 
during the acute phase of the disease was 
determined Hamsters of the twenty 
fourth, twenty-seventh, and twenty-eighth 
passages of the first series were destroyed 
on the third day of infection when they 
moribund Liver cardiac 
blood, and a whole kidney were placed in 
separate pyrex tubes and frozen in 
dry ice and 95 per cent alcohol, then stored 
at a temperature of about —60C. Numer 


Passages 


were tissue, 


were 


ous leptospiras were demonstrated in all 


these tissues by dark field MIC rOSCOpy 
before freezing. The frozen blood 
thawed 24 hours after freezing and it was 
noticed that most of the leptospiras were 
nonmotile. Two hamsters were inoculated 
with 0.5 ml. of each material eight months 
after freezing and no leptospiras were re 


Was 


covered from culture and no 


the blood 
mortality was recorded 

The minimum lethal dose of hamster tis 
sue of the twenty seventh passage of the 
first series was determined in young ham 
One-tenth milliliter of the 10° dilu 


tion of ground liver tissue caused death in 


sters 


a hamster at eight days 

A second attempt was made to measure 
the infectivity and minimum lethal dose 
using tissue of the fifty-first 
the Tenfold 
liver homogenate were prepared in Schiiff 
ner’s medium, including concentrations of 
10°' to 10°". Five-week-old hamsters were 
inoculated with 0.2 ml. of each dilution 
The 10°° dilution caused leptospiremia and 
death in 1 hamster (table 3 

B) The Effect of Hamster Passage on 
the Virulence of Leptospira for Cattle 
bull 107, ] year old, Was ex posed 
the 
animal 


A de 


passage oft 


second series dilutions of 


Jersey 
to infection using hamster tissue of 
seventh first The 


died days following eXposure 


passage, series 


TABLE 3—Measuring Infectivity in Hamsters Using Leptospira Pomona, Fifty-First Passage 


Dilution vo. of Dark fleld 
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tailed description of the signs and lesions 
is given in a separate report.” Two young 
bulls, 28 and 700, were inoculated with 5.0 
ml. of hamster tissue of the twenty-third 
passage, first Two were 
given 0.1 ml. of the same tissue suspension 
and both died by the fourth day. Bull 28 
months after his dam was 
experimentally infected at seven months 
of gestation, but his serum was negative 
for leptospiral antibodies at the time of 
exposure when he months old. No 
signs of were recorded, except a 
slight rise of temperature on the first day 
following inoculation. Neither leptospiras 
nor their antibodies were demonstrated 
until 26 days after exposure, at which time 
there was a positive reaction in 1:10 and 
1:20 dilutions. The animal re 
mained essentially normal (table 4) 

Jersey bull 700, 1 year old, showed no 
clinical signs of illness except a slight rise 
of temperature. He maintained a good ap 
petite. Infection was present as evidenced 
by the isolation of leptospiras from the 
blood after three days and the appearance 
of antibodies after the fifth day. The max 
imum titer was 1:1,600 16 days 
following exposure. 

During the 
hamsters, cattle were also exposed to in 
fection at the early and late hamster pas 
sage to compare the results obtained with 
those of the first series. A pregnant heifer, 
1201, 2 years old, and bull 695, 1 year old, 
were exposed to infection using hamster 
tissue of the seventh Two ham 
sters were also infected with 0.1 ml. of the 


series hamsters 


was born two 


was 5 
illness 


serum 


reached 


second serial passage in 


passage 


same material 
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The pregnant heifer aborted 20 days 
following exposure. The bull became ex 
tremely ill and, on the third day, devel 
oped a fever of three days’ duration. The 
highest titer, 1:6,400, 23 
days following infection. Leptospiras were 
isolated from his blood the first to 
fourth days and the organisms were re 
covered from his urine three weeks after 
infection. The bull When 
slaughtered, seven months later, the only 
gross lesions were in the kidneys which 
were pale with reddish brown spots about 
2 mm. in diameter 

Holstein-Friesian 


was observed 


on 


recoy ered. 


bull 1161, 2 


months 


old, was injected intramuscularly with 5.0 
ml. of liver homogenate of the thirty-ninth 
hamster passage and, at the same time, a 


inoculated intraperitonealls 
of the same infective agent 
This ham 
ster died four days following inoculation 

The calf showed a febrile response with 
temperatures 104.0 to 106.8 F 
This response was the only clinical mani 
Leptospiras were 


hamster was 
with O.1 mil 
used to expose the young bull. 


reaching 


festation of the disease 
isolated from the blood on the fourth day 

infection. The antibody titer 
1:6,400 at 26 days following ex 


following 
reached 
posure. 
Pathological Findings.——\n_ the 
phase of leptospirosis in hamsters, the lung 
showed gross hemorrhages only after the 
ninth serial passage and dark field micros 
copy revealed the presence of leptospiras 
It was noticed the passage 
tinued the more extensive 
Microscopic examination of the lung see 
tions stained with hematoxylin and eosin 


acute 


that as eon 


lesions were 


TABLE 4—Clinical, Serological, and Bacteriological Observations on 5 Bulls and a Pregnant 
Heifer Following Inoculation with Leptospira Pomona Using Early and Late Hamster Passages 


Animal 
No Clinical observations 
Karly passage 
107 Febrile on days Sand 4 


105.41 
kopenia 


anorexia, icterus 


anemia 
died on day 7 
ito 6 


after 


on days 
105.8 
aborted on day 20 
bebrile 
105.7 


Febrile 

anorexia day 

605 on days 3 to 6 
anorexia 

Late passage 

28 rransient 

104.0 F 

lransient 

104.4 F 

beborile 


} 


febrile 
on day 1 
febrile 
on day 1 


response 


response of 


days to maximum 


maximum 


hemoglobinuria 


maximum 


maximum 


Agglutination-lysis 


teat titer 


Isolation of 
L. pomona from 


t, kid 10 after day 


ney after day 7 l 


tlood after day 
160 after day 7 


after day 6 


15,600 after 


Hlood after days 1 to 
urine after days 1 
21, 23, 25 

tlood after days | to 4 40 after day 6 

irine at day 16 1:6,400 atda 

Negative 


) after day 


1.600 at day 


Blood at day 


Blood at day 4 
1,600 at day Il 


Am. J. Ver. Kees 
JANUARY 1957 


revealed hemorrhages and leukocytic infil- 
tration (lymphocytes and monocytes) and 
broken alveolar walls. Emphysema and 
consolidation were present as a result of 
hemorrhage. Leptospiras were demon- 
strated in lung sections stained with a 
silver-impregnation method. 

The liver was markedly congested and 
leptospiras were demonstrated only during 
the leptospiremic phase of the disease, us 
ing dark field microscopy or hamster inoe- 
ulation. Histological examination of the 
liver section revealed massive hemorrhages 
and lymphocytes were present around the 
large interlobular vessels. Necrobiosis of 
the liver cells was evident throughout the 
section. 

The kidneys were grossly involved ; they 
highly congested with numerous 
petechial hemorrhages. Leptospiras were 
demonstrated by dark field examination, 
by hamster inoculation, or in tissue sec 
tions stained with the silver-impregnation 
method. Microscopie examination showed 
massive hemorrhage in the renal tubules 
and glomeruli. Bowman’s capsule and 
glomerular tufts were destroyed in many 
places and hyaline degeneration was pres- 
ent in other renal tubules and glomeruli. 

In the chronic phases of the disease, the 
lungs and liver were grossly normal and 
no organisms could be demonstrated. The 
only lesions regularly found in animals 
with chronic infections were those involv- 
ing the kidneys. They were generally en- 
larged, pale, and pitted in appearance. 
Leptospiras were demonstrated in the kid- 
neys, and they tended to clump together 
and become immobilized within a few min- 
utes after opening the kidney. As a result, 
the process of dark field examination or 
animal inoculation with the kidneys was 
completed as quickly as possible to avoid 
this immobilization. Microscopic examina- 
tion of kidney sections revealed an increase 
of interstitial connective tissue (fig. 1). 
Degeneration of epithelium of the renal 
tubules and broken tubule walls were 
found in some sections. The glomeruli 
were shrunken and some were edematous. 
Most renal tubules and Bowman’s spaces 
contained some debris 


were 


DiIscUSSION 
Leptospira pomona, Hardacre strain, in 
creased in virulence for hamsters as the 
serial passage progressed in these animals 


VIRULENCE oF Leprosrirna IN HAMSTERS AND 


In the early passages, the hamsters were 
readily infected but mortality was low 
When they were killed as late as 84 days 
after infection, the kidneys were grossly) 
involved and leptospiras were demon 
strated by dark field microscopy. The kid 
neys were enlarged, pale, and pitted in 
appearance. This was due to the kidney 
damage resulting from extensive involve 
ment of the parenchyma with interstitial 
nephritis following the localization of lep 
tospiral organisms 

It became apparent that a change was 
taking place in the virulence of the organ 
hamsters at the sixteenth serial 
Instead of the usual chronic cases 
with low mortality, the inoculated ham 
sters were dying within four days, The 
passage was continued until hamsters were 
dying on the third day. These peracute 
cases, resulting in 100 per cent mortality, 
between the sixteenth and the 


isms for 


passage. 


occurred 


Fig. 1—Section of hamster kidney from the eighth 


passage, destroyed 69 days following infection 

with Leptospira pomona. Many renal tubules have 

been destroyed with a corresponding increase in 

interstitial tissue. The remaining tubules are di- 

lated, some containing heme casts. Glomeruli in 

various stages of degeneration are shown. Hema 
toxylin and eosin stain; x 90. 
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twenty-fifth hamster passages. Apparently, 
the virulence of the organisms could not 
be increased beyond this point and, in fact, 
it seemed to decrease after the twenty- 
sixth passage the hamsters died on 
the sixth and seventh days although mor- 
tality was still high 

It is possible that the blood transfer on 
the third day instead of the fourth day 
played a role in this delay of death. Prob- 
ably the leptospiral multiplication reached 
its maximum on the fourth day, so the 
number of the organisms in the inoculum 
was much greater than that on the third 
day. This was supported by observations 
in the serial and also in 
the experiment designed to measure the 
minimum lethal dose and infectivity of L. 
pomona in hamsters. The hamsters, which 
were given the undiluted tissue suspension 
and that diluted to 1:10, died on the 
fourth day while those given the dilutions 
of 1:100 to 1:1,000,000,000 died in eight to 
434 days after the injection. The suscepti- 
bility of hamsters to the disease apparently 
depended to a certain extent on age since 
in some previous work 3- to 5-week-old 


since 


second passage 


hamsters died earlier than older ones. 
Leptospira pomona caused a generalized 


infection in hamsters and the organisms 
were isolated during the leptospiremic 
phase of the disease from the blood, liver, 
lung, spleen, and kidneys. The circulating 
leptospiras may form an embolus in the 
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blood stream as illustrated (fig. 2 If 
these emboli lodge in small vessels, infare- 
tion may occur with resulting hemorrhage 
and necrosis. Hemorrhages, more common 
may be produced in the 
lungs and can be considered to be the re 
sult of a localized toxic effect of the lepto- 
spiras as well as direct invasion of the 
When antibodies are formed, the 
organisms disappear from the blood stream 
and other tissues but tend to localize in the 
kidneys producing leptospiruria long after 
they have disappeared from the blood 

The strain was highly virulent in cattle 
only when the early hamster passage was 
used. The Hardacre strain was highly vir- 
ulent for bulls 107 and 695 and cow 1201, 
all of which developed severe signs of the 
disease following infection using hamster 
the seventh The 
signs and lesions of leptospirosis were most 
severe in bull 107 which died seven days 
following exposure to infection. Bull 695 
showed similar clinical signs. He recovered 
but continued to eliminate leptospiras in 
his urine, It is entirely possible that bulls 
are important as carriers of the disease. 
If leptospiras remain with the gesidual 
urine in the urethra, these organisms may 
be transmitted during breeding. There 
fore, carriers should be eliminated from a 
herd and attention should be directed to- 
ward avoiding the use of such animals for 
breeding purposes 


in acute cases, 


tissues. 


tissue of serial passage 


Fig. 2—Hamster lung 
from twentieth passage, 
died three days following 
infection. The cross sec- 
tion of a vein contains a 
leptospiral embolus (ar- 
row) and also a few 
individual Leptospira. 
Warthin’s silver stain; 
x 1,725. 
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VIRULENCE OF LEPTOSPIRA 


After several hamster passages, the vir 
ulence of the organisms tended to decline 
for cattle. This may be comparable to the 
attenuation of hog cholera virus by serial 
passage in rabbits as reported by Baker.’ 
He found that after continued serial pas 
the virulence of the virus for swine 
was reduced while the antigenic properties 
were retained. The Leptospira tended to 
in virulence for hamsters as the 


sage 


Increase 
passage progressed but appeared to lose its 
virulence for cattle. It would appear that 
this strain became adapted to 
and, at the same time, caused only a tran 
sient febrile in cattle. This was 
particularly evident in bull 700 when in 
fective tissues of the twenty-third hamster 
passage were used for exposure. The strain 
probably became incapable of producing 
any clinical evidence of the disease but re 
tained its antigenicity as proved by sero 
logical tests. Brown et al.’ reported simi 
lar observations in which the virulence of 
a certain strain of L. pomona had been al- 
tered for cattle after continued passage 
through guinea pigs 

Bull 28 exhibited an unusual 
to leptospiral infection as evidenced by the 
failure to isolate the organisms from his 
blood; also, the first appearance of anti- 
bodies did not occur until 27 days follow- 
ing exposure. This animal was calved by 
a cow which had previously been experi 
mentally infected with L. pomona. The 
bull obtained natural passive immunity 
from his dam’s colostrum and milk during 
the first week of his life. However, he was 
negative for the agglutination-lysis 
when exposed at 5 months of age 
unexpected might be due to 
either individual natural resistance or to 
an undetected active immunity induced by 
contact with leptospiras im utero or from 
his dam’s urine during his early life 

Sull 1161, which was infected with ham 
ster tissue of the thirty-ninth passage of 
the second series, showed a febrile response 
of four days’ duration. He was 2 
old when exposed with the same amount of 
infective material as that given to adult 
animals. This febrile response was the 
only clinical manifestation of the disease 
and he recovered promptly. Webster and 
Reynolds '* reported that the acute clinical 
syndrome of leptospirosis is much 
pronounced in young animals. This might 
explain the febrile reaction of the calf, 


hamsters 


response 


resistance 


test 
This 
resistance 


months 


more 


IN HAMSTERS AND CATTLI 4] 


though he to a well 


adapted hamster 


Was exposed 
strain of L 


even 
pomona 
SI 


MMARY AND CONCLUSIONS 


Leptospira Hardacre strain 
Was maintained in hamsters by direct ani 
infected blood. In the 


passages, the hamsters were readily 


pomona 


mal 
early 
infected; mortality was low but, when the 
hamsters were killed up to 84 days later 
the kidneys were grossly involved and lep 
tospiras were demonstrated by dark field 


passage using 


The strain increased in virulence as the 
at the 
sage, the hamsters died within four days; 
by the twentieth passage, all died on the 
third day. However, at the twenty-sixth 
passage, the virulence appeared to decline ; 
the hamsters died after six days 

In a serial passage, 
started dying by the fifth day after expo 
sure at the twenty-ninth passage with mor 
tality approximating 100 per cent. At the 
fifty-first passage, 0.2 ml. of a 10°" dilution 
produced death within 1] while a 
10°’ dilution not infective. In both 
trials, the number of leptospiras in the in 
oculum and probably the ages of hamsters 
the decline of 


passage progressed sixteenth pas 


second hamsters 


days 
Was 


appeared to be factors 
virulence 


issues 


in 
from the hamster 
sage caused severe leptospirosis in 2 young 
bulls and a pregnant heifer. The 
appeared to lose its virulence for cattle 
after 23 or 


hamsters; 3 


seventh pis 


strain 


more serial passages through 
young bulls developed only 
mild elinical signs 
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Experimental Bovine Leptospirosis 


L. C. FERGUSON, D.V.M., Ph.D.; J. C. RAMGE, D.V.M., Ph.D.; 
V. L. SANGER, D.V.M., M.S. 


Wooster and Columbus, Ohio 


THE FIRS1 detailed report of bovine lepto occurring outbreak of leptospirosis. In this herd 
spirosis in the United States was that of of 47 cows, there were 16 abortions during a 
Jungherr * in 1944. Baker and Little? period of three months. The organism, isolated 
reported the first isolation of the causative from hamsters which had been injected with 
agent of leptospirosis of cattle in this 
country and subsequently the organism experiment, the strain was passed through 2 ham 
was identified as Le plospira pomona. The sters in series and blood cultures from the second 
importance of leptospirosis in cattle has hamster were used as the souree of L. pomona 
been confirmed by reports from various The history of the inoculum for each group of 
parts of the country. Bohl and Ferguson animals challenged with LL. pomona is giver 
reported that 3.5 per cent of 352 cattle (table I The serial passages in hamsters were 
picked at random in Ohio were positive 

serologically for JL. pomona., In Illinois. TABLE 1—History of Leptospira Pomona Used 
11.2 per cent of 15,018 cattle in 1,528 herds to Eupess Cattte 

were found to be positive serologically.* ture of L. pomona, Hardacre strain 
Stoenner ° reported that, of 7,066 cattle 

in 298 herds located in Montana, Idaho, | 1 ‘ 

Washington, and Oregon, about 11.0 per ‘meters (5 
cent were positive in tests with L. pomona 

In Ohio, and probably in other states as | Meretord 4 

well, practicing veterinarians are report- Bull 107 

ing increasing numbers of abortions in 

cattle occurring in serologically POSITIVE 

herds. A report of the U. S. Department — Cattle 1124 | 

of Agriculture in 1954° estimated the 1151 Cattle 1118, 1109, 108s 
losses from leptospirosis in cattle in ex 7h 


cess Of 112 millien dollars annually 1 
Culture 


urine from the infected eow, was maintained in 
Schiiffner’s medium, Just prior to its use in this 


7 passages) 7 passages 


Hamsters 


The increasing losses from leptospirosis 
led to the experiments reported in this 
paper. The objectives were to determine Hamsters (3 passag 
the factors involved in repro j\uctive fail 
ure and pathological changes which occur 
in infected cattle and aborted fetuses 


MATERIALS AND METHODS 
carried by collecting 0.1 to 0.5 ee. of heart blood 


The strain of L. pomona used in this experi from the infeeted hamster on the fourth day and 
ment was isolated * approximately six months injecting it intraperitoneally into a suseeptibl 
prior to the beginning of this experiment from hameater Infected hamaters were killed, usually 


the urine of a cow exposed during a naturally on the fourth day, and blood, liver, spleen, and 


kidneys from each hamster were ground in a 
Department of Veterinary Science, Ohio Agricultural 
Experiment Station, Wooster (Ferguson, present address TenBroeck tissue grinder with 10,0 ce, Sehiiffner’s 
Michigan State University, East Lansing; and Sanger) medium, Five cubie centimeters of the homogen 
ind Department of Veterinary Medicine, Ohio State Uni ized tissue was injected intramuscularly into each 
versity, Columbus; present address Wapakoneta, Ohio . 
(Ramge) 

Parts of this paper were taken from the dissertation Leptospira pomona, strain Nit, was maintained 
submitted to the Graduate School, Ohio State University by eultivation in Sehiiffner’s medium. This strain 
n partial fulfillment of the requirements for the Ph.D i tl ant tl latinas 
degree by Dr Ramge Vis is antigen in we auggiutination 

The authors acknowledge with appreciation the tech test after growing three to seven days at 30 ¢ 
nical assistance of Dr. A. H. Hamdy and Mr. Thomas In the latter part of these experiments, cultures 
Ford 


-A which had grown more than three days were 
This strain was obtained from Dre. EF. H. Bohl and 


! Powers, Department of Bacteriology, Ohio State diluted with Sehiiffner’s medium to approximate 
sit Columbus the eoneentration of leptoxpiras in three-da 
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“a saline solution and volumes 1 mil 


of the diluted 


it room 


equal 
eulture iti ibute 
hours \ 


magnification 


serum and 
temperature for one to three 
loopful of the mixture was examined on a 
vith a dark field 

150 The titer of i 


as designated a the 


microscope at a 
particular erum sam 

highest I ion of 
serum in eent of 


which 50) per more f the lep 


tospiras were lysed 

The entth 
Holstein-Friesian or Jerses 
bred Hereford 
age, and «# of each animal are 
collected 


agglutinated or 


used in this experiment chiefl 


breeds; | is A Cross 


None were breed, 


netating. The 


given in table 


slood wis daily from the eattle dur 


ing the seute phiame of leptospiro is ind subse 


quently at weekly or monthly intery 


for blood 


Samples 


eultures were collected steril 


syringe from the jugular vem and 5 mi 


was introduced into each of two to ir tubes of 
Schiiffner’s These 


ally examined at weekly 


cultures were usu 


dark field 


held at least 1) days at 


medium 
intervals 
Microscopy and were 
before 


Urine 


being disearded as negative 
cattle 
for the 


cheeked 


presences 


specimens from the were 


at intervals following 
Some of the 
dark field 
concentrated by centrifugation at 
then the 


exposure 


of leptospiras specimens were ey 


amined direetly by microscopy; others 


were 
sediment 


other 


minutes and 

dark field 
injected intraperitoneally 
hamsters in 1.0- of The 
bled heart 


days following injeetion and 0.1 to 0.5 ml, of the 


rpm. for five 


was examined by) Microscopy ; 


specimens were into 


2.0-ml, amounts ham 


sters were aseptically from the four 


blood was placed in each of two or more tubes 


of Sehiiffner’s 
Kidney tissue 


medium 


from cows whieh were slaugh 


TABLE 2 
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Holstein 


Friesian 
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the highest dilution 


weal Titer at 


iprocal of the 
time of death on 


observations vere 
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tered following if 0 d jus tissues fron 


uborted fetuses examined the presenes 


of leptospiras by h r imoculatio Blood was 
collected from the hamsters on the th a and 


in Sehiffnes medium 


Tissues collected fron hborted 


ney tissue from the eo t slaughter fixed 
sectioned at mw and 


eosin, W irthin’s 


in neutral buffered forn 


stained with hematox i and 


liver impregnation method other speel stains 


here needed 


made on 12 cattle ex 
summarized (ta 


The observations 
posed to L 
ble 2 

A culture of L 


and it 


pomond are 


pomonad Was injected 


into hamsters Was maintained by 
direct Liver blood 
from the hamster were 
ground in Schiiffner’s medium and 5.0 ce 
was injected intramuscularly into a 
ling bull, 107 (table 1 The bull- was 
febrile on the third and the high 
temperature persisted to the sixth day but 
the maximum 105.4 F. Anorexia was 
evident on the fifth and sixth days. On the 
morning of the seventh day, the bull was 
help and walked 
with a staggering gait. The temperature 
pulse was weak but 


serial and 


passage 


seventh passage 
year 


day 


Was 


unable to rise without 


was subnormal, the 


rapid, and the respirations were rapid and 
reddish color 
Death oceurred 


labored. Incontinence and a 
of the urine were noticed 


on the seventh day 


Response of Cattle to Infection with Leptospira Pomona 
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tior 
lolete ! i 102.4 
10KR i 102.40 
t 
brie 
ime } f ! 
' of serum in wh one ee: of t eptospira t ted « 
nidicate that tive or were not made 
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Necropsy revealed ho outstanding Yross 
other than slight the 
brain and liver with petechiae in the sub 
cutaneous tissues and kidneys. The blad 
der contained about 1. liter of reddish 
urine, The blood appeared watery. Lep 
from the 
kidneys but not from the liver by hamster 


lesions icterus in 


fospira pomona was recovered 
Inoculation 

Histological sections were made of mans 
the kidney, liver, spleen, 
and adrenal showed any significant changes 
In the 
Space 
philie 


and 


tissues but only 


kidneys, nearly every glomerular 


granular, eosino 
addition, 
present in 


contained some 


material and, in fibrin 


erythrocytes were some 


The capillary tufts were in various stages 
with some 


of degeneration appearing as 


fragments and others as shrunken 
The epithelium of the proxi 


mal convoluted tubules was absent in some 


broken 


dense clumps 


places and undergoing necrobiosis in oth 


ers. Many tubules contained eosinophilic 
granular material, fibrin, and erythrocytes 
Numerous filled with heme 


Tubules were completely destroved 


tubules were 
Casts 
in some places but occasionally remnants 
of epithelial cells remained, Some collect 
ing tubules contained erythrocytes or hemo 
Many cells in the collecting tubules 
hvdropie degeneration. Lympho 
had invaded 


globin 
showed 
cytes and monocytes some 
areas 

Centrolobular necrosis of 


Lobule 


were 


the liver 
outlines were indis 
partly obliterated 
cytoplasm of cells was confluent, and nu 
pyknotic or undergoing kary 
Many hepatie cells 
clear vacuoles Lymphocytes 
cells the 
lobular spaces and around bile capillaries 
Massive hemorrhage had occurred in the 
Only germinal 
could be seen reticuloendo 
thelial The 
glands contained petechiae in the medulla 
Silver stains failed to reveal 
Blood from bull 107, collected four days 
after infection, was injected into hamsters 


Was 
widespread 


tinet, sinusoids 


were 


orrhexis contained 


large and 


plasma were present in inter 


spleen occasional centers 


and scattered 


cells were present adrenal 


leptospiras 
Four days later, livers and blood from 


Schiffner’s me 


Wis 


hamsters were ground in 
dium and 5.0 ce. of the 
wivel intramuscularly to each of 3 
1124, 1151, and 1181. All the cows devel 


oped a fever and leptospiras were isolated 


suspension 


COWS 


from each on one or more days during the 


first week table 2 Leptospiras were 


demonstrated in the urine of 2 of the cows 

by hamster inoculation 
1124, carrying a 7 

infected, showed 


month fetus 
when indication of 
impending abortion on day 18. The udder 
had developed in size and there seemed to 
be some relaxation of the pelvic region, By 
palpation, the uterine artery felt 
normal this stage of pregnaney but 
whether the fetus was living could not be 
determined. The following the 
well-developed dead calf was found in the 
pen. Its thymus was enlarged to the ex 
tent that the 
distended The 
about a pint of 
with 


(‘ow 


some 


rectal 
for 


cervieal region appeared 


pleural contaimed 
fluid 
hemoglobin 

The 
The spleen was greatly 
fact, 
wher 


Cavity 
which 
but no 


Wiis deeply 


stained erythro 


cytes were present heart and lungs 


appeared normal 
this 
erythro 


and congested : in Wis 


part of the body 


enlarged 
the only 
cytes The liver possessed i 


The kid 
Spleen, pleu 


were evident 


vellowish color on cut seetion 


neys were soft and ** pulpy 
ral fluid, blood, and aqueous humor were 
cultured inp Sehiiffner’s medium 
jected All 
for L 


Cow 


and in 


into hamsters were negative 


pomona 
115] 


in gestation when exposed to L 


was just over seven months 
pomona 
Her pregnancy progressed normally and a 
healthy heifer calf was delivered at term 
115] 6-month fetus 


when exposed to L On postinfec 


Clow was carrying a 
pomona 
tion day 14, a cesarean section was pet 
formed using local anesthesia with the cow 
standing. A living, well-developed, femal 
fetus 
stomach 
of yellowish, thin fluid 
blood, and 
Schiiffner’s 


injected into hamsters 


was removed, | necropsy its 
with about 1 Jiter 
Fetal fluids, stom 


liver wer 


pron 
was distended 
Tissiie 


ach contents, 


cultured in medium and also 
No leptospiras were 
of the 


were 


demonstrated from tissues 


11s] 


months 


any 
and 1124 
four following infection 
the kidneys from cow 118] 
for healed infaret 
ent in one kidney from cow 1124 
P01 months 
exposed to L 
well developed 
The 


contained 


Cows slaughtered 
(jrossly 
were negative 


lesions but a was pres 


(‘ow about 5! pregnant 
tuble 2 
fetus 20 
pleural 
which was dark red but contained no « ryth 
Hamsters and Schiiffner’s medium 
pleural fluid 
and ground 


when 
aborted a 


pomond 
aad 


days later peritoneal and 


cavities large amounts of 
rocyvtes 


were inoculated with peri 


toneal fluid, stomach contents 
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liver and kidney tissue, but no leptospiras 
were demonstrated. Tissues were not avail- 
able for study from cow 1201. 

Cows 1118, 1088, and 1199 were exposed 
to L. pomona as shown in table 1. Cows 
1118 and 1088, which were nearing the end 
of pregnancy when exposed, were never 
‘linically ill and no leptospiras were dem- 
onstrated in the blood, but both were in- 
fected as indicated by the appearance of 
antibodies for L. pomona and by the pres- 
ence of leptospiras in the urine of 1088 on 
postexposure days 53 and 102. 

Cow 1199, which developed a more classic 
picture of leptospirosis, had a definite fe 
brile response on day 5, a leptospiremia on 
days 4 and 5, showed antibodies on day 7, 
and reached a maximum titer of 1:102,400 
on day 25. Pregnancy in this cow had pro 
ygressed to about five months at the time of 
infection, and abortion occurred 47 days 
later. Degenerating fetal membrane was 
seen protruding from the vulva and, by 
manipulation, the unbroken membrane con 
taining the dehydrated fetus was removed 
even though the cervix was only partially 
dilated. The fetus measured 8! inches 
from crown to rump. It appeared to have 
been dead for two weeks or more. No blood 
or other body fluids were present. Por 
tious of fetal liver, stomach, heart, and 
lungs were ground in Schiiffner’s medium 
injected into 4 hamsters. No lepto 
demonstrated in the fetus 
the inoculated ham 


and 
spiras 
either directly or in 


were 


sters 
slaughtered four 
and the kid 
There were 


These cows” were 
months following 


were obtained for study 


infeetion 
Heys 
no visible gross lesions in the kidneys of 
1118 and 1199, but one kidney from 
had 
over 


COWS 
enlarged and 


foc! 


was greatly 
white 


cow 
numerous small scattered 
the surface 

Four cattle, bull 97 and cows 2290, 603, 
and 986, were exposed with a strain of 
L. pomona derived from a blood culture 
of 1199 (table J All four of the animals 
table 2) developed a fever at three to 
six days following infeetion which lasted 
for one or more days. Leptospira pomona 
isolated from the blood of all 4 ani 
nals on two or more days during the first 
week of the disease. Antibody production 
was first detected in daily serological tests 
7 and a peak 


Was 


on postinfection days D or 


titer was demonstrated on day 20 at a 
serum dilution of 1:102,400.  Leptospiras 
were demonstrated in the urine of 3 of the 


RAMGE 


S ANGER im. J. Ver. Res 
JANUARY 1957 


4 animals between days 13 and 34 by ham 
ster inoculation. 

Cow 2290 was at the twenty-ninth day 
of gestation when infected and the preg- 
nancy appeared to progress normally. 
When gestation had progressed to 127 
days, laparotomy was performed and 5.0 
ce. of ground liver tissue from an infected 
hamster, twenty-first passage, was injected 
with a 20-gauge needle through the uter- 
ine wall into the cervical region of the 
fetus. Prior to this treatment, cow 2290 
had an antibody titer of 1:3,200 and dur 
ing the week following the treatment, no 
anamnestic was observed, On 
postoperative day 7, a purulent exudate 
was Observed and examination revealed that 
a decomposing fetus was being aborted. 
Dark field examination of the exudate re- 
vealed dead leptospiras plus motile rods 
and cocci. Escherichia and strepto 
cocei were cultured from the exudate 
Hamsters given some of the exudate intra 
peritoneally died within two days from a 
purulent infection and no leptospiras were 
demonstrated. 

Cow 603 was exposed to L 
101 days of pregnancy. No clinical abnor 
malities were observed and a normal calf 
Tissues from this cow 


response 


cola 


pomond at 


was born at term. 
were not available for study 

Cow 986 was inseminated 15 days prior 
to infection with L. pomona and, although 
no signs of estrus were noticed, subsequent 
rectal examination revealed no pregnancy 
The level of had declined to 
1:800 at three months following 
and she was sent to slaughter 

The kidneys from bull 97 were negative 
The kidneys from cow 
2290 contained small subcapsular cysts and 
One kidney from 


antibodies 
infection 


for gross lesions 
numerous grayish foci 


cow 986 contained a large encapsulated 
abscesses. Ad 
hesions extended from this kidney to the 
An or 
Corynebactertum py 
the 


possible 


abscess and several small 


liver, omentum, and diaphragm 
vanism resembling 


ogenes Was isolated from abseess and 


tissue The presence ot 
the 
infection which caused early death of the 
with kid 


kidney 
leptospiras was obscured by pyogenic 


hamsters which were inoculated 


ney tissue 
Histopathology 
ings were similar in all the kidneys that 


Variations were mainly in 


Histopathological find 


studied 
degree and the observations on the chronic 


were 


cases will be described together 
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sjoth in the cortex and medulla, much 
of the tubular epithelium was undergoing 
degeneration. Many were absent. 
Others had broken cell membranes which 
allowed cytoplasm and nuclei to escape 
into the lumen, while in some tubules the 
epithelium was shrunken and pulled away 
from the basement membrane. 

The abscessed kidney of cow 986 was not 
studied but the kidney which contained no 
abscesses had lesions similar to those de- 
scribed for the other animals. In addition, 
some tubules were lined with double rows 
of epithelium suggesting hyperplasia. In 
other kidneys, some tubules contained 
large, deeply basophilic cells attached to 
the basement membrane, indicating regen- 
eration. 

Many cortical and medullary tubules in 
all kidneys contained granular, 
philic debris or hyaline casts. Occasionally, 
broken tubules were seen. In most of the 
kidneys, there were dense infiltrations of 
lymphocytes primarily in the cortex, 
Within these lymphocytic foci, remnants 
of tubules and a few intact tubules re 
mained although most of the parenchyma 
had been destroyed. In cow 1088, the dense 
lymphocytic infiltration ended abruptly at 
the corticomedullary junction. Numerous 
tubules were filled with free blood or con- 
tained heme casts. Glomeruli were in pro 
vressive stages of degeneration. Some cap 
illary tufts were congested; others were 
atrophic, dense, and deeply basophilic; in 
some, only fragments of the capillary loops 
remained; while in some glomeruli, the en 
tire tuft had been destroyed. Bowman’s 
spaces contained erythrocytes, debris, and 
fragments of epithelial cells. The parietal 
layer of some of the Bowman’s capsules 
was thickened and dark-pigmented mate 
rial was present in some spaces as well as 
Iron stain identified this 


cells 


eosino- 


in some tubules. 
as hemoglobin 

In cow 2290, there were numerous sub 
capsular cysts formed from widely dilated, 
thin-walled tubules. Adjacent to 
areas the tubules and glomeruli 
atrophic, lymphocytes had infiltrated, and 
fibrous tissue was noticeably increased 

Silver stains failed to reveal leptospiras 
in these kidneys. 


these 
were 


DISCUSSION 


All 12 cattle exposed in this experiment 


became infected with L. pomona, Of the 
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12 animals, 11 developed a leptospiremia 
during one or more days of the first week 
The 1 cow from which negative blood cul 
tures were obtained did shed leptospiras in 
the urine at a later time. In & of the 12 
cattle, the leptospiras localized in the kid 
neys as evidenced by isolation of L. po 
mona from the urine following inoculation 
of hamsters. 

The above facts, plus the death of 1 
(bull 107) with typical acute, fatal lepto 
spirosis, confirm the virulence of the strain 
of L. pomona used in this experiment 
Further consideration of the factors in 
volved in this virulence of L. pomona are 
presented in another paper.” 

Of the 9 pregnant studied, 3 
aborted fetuses between postexposure days 
19 and 47. This proportion of abortions is 
similar to that which has been observed in 
cattle exposed during naturally occurring 
leptospirosis. All 3 of the cows which 
aborted were of the Jersey breed. This 
might suggest a greater susceptibility of 
this breed than of Holstein-Friesian cat 
tle; however, the numbers are too small to 
justify a definite conclusion. 

The basic cause of abortion in cattle in 
fected with L remains 
In swine leptospirosis, the organism can be 
demonstrated rather readily in living, 
weak pigs aborted or farrowed by an in 
However, the Podgwaite ef al 
the au 


cows 


pomona obseure 


fected sow 
report '’ is the only one seen by 
thors on the isolation of L. pomona from 
an aborted bovine fetus. The methods of 
isolation or the nature of the disease pres 
ent in that case might have been different 
from those of other workers. In most, if 
not all, of the other reported cases of abor 
tion in cattle caused by L. pomona,''** the 
occurred two to six weeks after 
the acute phase of leptospirosis in the dam 
when the antibody titer for L 
at or near its peak. Since Podgwaite et al 
reported that 2 of the 
tive, serologically, for L. pomona at 
time of abortion but positive (1;:100 
and four months later, one may conclude 
that they dealing with typical 
leptospirosis 

A second irregularity the 
of L. pomona from the liver of their third 
cow month following abortion. This 
cow, according to the report,’® presented a 
typical course of leptospiral infection since 
pomona of J 


abortion 
pomond Wis 
3 cows 


were 


the 
one 
were not 
isolation 


Was 


one 


she possessed a titer for L 


FERGUSON 


4.000 at the time of abortion but it had 
fallen to 1:1,000 at the time of slaughter 
one mouth later. The demonstration of L 
pomond in tissues other than the kidneys 
of animals in the chronie phase of lepto 
spirosis deviates from all other published 
reports which we have seen 

Kven though there is adequate evidence 
that L cattle, 
the exact obseure 
Cesarean 
115] 


this 


pomona causes abortion in 


mechanism remains 
performed on 
to shed hight on 
the 
This Cow developed a 
first day after 
sure and it persisted through the fifth day 


Antibodies for L 


the seventh day at a 


seCTION Was Cow 


an attempt some 


mechanism; however, results were 
essentially negative 
leptospiremia on the eXpo 
pomond were 
le vel of ] 
the failure 


onstrate leptospiras in the aborted fetus ts 


present on 
si jt) 


possible « xplanation of to dem 
that the organisms might be present in the 
fetiis death but 
abortion, the leptospiras die in the 
the 
case ot 


had 


and cause its prior to 
unfa 


1181 


actually in 


vorable environment in dead 


assumed in the 
the leptospiras 
the fetus the living organisms 
still be present on the thirteenth 
Our failure to find leptospiras either 
by dark field 


ture, or by 


It was 
that if 
vaded 


should 


Cow 


day 
microscopy, by direct cul 


hamster inoculation leaves lit 
that the 
this fetus. It is 
this 


she 


tle question organisms were not 
present in 


that 


possible, of 
would not have 
aborted had permitted to 
the pregnancy. Certainly, this ap 
proach to the problem needs repetition, but 


Course, Cow 


been Cot 
tittle 
this single observation offers some evidence 
that L 
the fetus in the pregnant cow 

Another approach to the question of the 
effect of L. pomona on the fetus 
involving 2? 40) She had 


through a rather typical form of leptospi 


pomona does not regularly invade 


was that 
cow passed 
rosis with a febrile response, leptospiremia, 
llowever, at 
following exposure, the titer had receded 
to 1:3,200 and the fetus was living. Viru 
lent L suspen 
was injected directly 
through the wall 

the Was 
with other bacteria and abortion followed, 
together with nearly complete decomposi 
tion This type of experiment should be 
repeated, for by this method the effect of 
the could be deter 


and leptospiruria 98 days 


hamster tissue 


the fetus 
Unfortunately, 


pomona itl 
sion mito 
fterine 
contaminated 


TISStle Suspension 


pomonda on fetus 


Ramat 


SANGER 


mined directly irrespective of the immune 
status of the dam 

The apparent lack of erythrocytes in the 
heart, other 
the aborted fetuses seen in this experiment, 
as well as those observed in naturally oc 
signifi 
Unpublished observations in both 
indicate that the 
normal 


vessels, and tissues of 


blood 


curring leptospirosis, may be of 
Cance 
infected cattle and swine 
ers throcyte 
level until 
L. pomona appear in the circulating blood 
Following this, there is frequently a de 
followed by 


the severe cases. This destruction of eryth 


eount remains at a 


about the time antibodies for 


crease in the count icterus in 


rocytes may result from the presence of a 
substance released from the 
of the lep 


developing 


at the 
tospiras 


organism 
time when large numbers 
are destroyed by the 
antibodies 

This explanation may be applied to the 
fetus 
Thus, it is proposed that even though the 


observations made on the aborted 
leptospiras may not pass the placental bar 
the the 
dead leptospiras does pass into the fetus 
The erythrocytes of the fetus, it is 


rier, soluble toxic produet from 


pro 
posed, are destroyed in such quantity that 
anoxia causes death which is followed by 
abortion 

the 


resembled 


Histopathological lesions in experi 


mental disease closely those de 
scribed by Jungherr, 
Matthews '* in 
The principal lesions included hem 
orrhage, centrolobular hepatic necrosis and 


Cordy and Jasper, 


and naturally oceurring 


CUSCS 
fibrosis, 


necrobiosis, atrophy and ly mpho 


eytic infiltration in the kidneys 


SUMMARY AND CONCLI 


All of 


pomona by 


SIONS 


12 cattle exposed to Leptospira 
intramuscular inoculation de 
veloped leptospirosis One of these, a 
bull, 


died on the seventh day 
this 


became seriously ill and 


The 


typical of 


vearling 
lesions in 
animal were those com 
monly seen in leptospirosis 

Of the 9 aborted fe 
tuses on days 19, 20, and 47 following ex 
posure to L 

Histopathological lesions in the experi 
those de 


OCCUPrring 


COWS 


pregnant 
pomona 


mental disease closely rese mbled 


scribed in the naturally disease 
in cattle 


The 


leased 


presence of a tox substance re 


from the leptospiras when large 


numbers are destroyed by antibodies, is 


ic 
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proposed This substance nay cause the 
destruction of erythrocytes in the cow and, 
further, it presumably passes the placental 
barrier destroying some or all of the red 


blood cells of the fetus. This latter effect 


is proposed as the explanation for abortion 
of the bovine fetus in which no leptospiras 
are demonstrated 
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The Presence of Leptospira Sejroe Agglutinins in Cattle Serum 


WARREN G. HOAG, D.V.M. 


Blacksburg, Virginia 


the existence of 
has been re- 
This strain 


SEROLOGICAL EVIDENCE of 
Leptospira sejroe in eattle 
ported from several states.’ 
has never been isolated from naturally 
occurring leptospirosis in the 
United States but was originally reported 
from Denmark by 
ring in both mice and man.* In our own 
laboratory, using the microscopic agglu- 
tination-lysis test with living leptospiral 
antigens,” serums from many herds of eat 
tle have found to have high titers 
against the test serotype L. sejroe (Mallers 
dorf strain*). In most herds, agglutinins 
have been detected for this leptospiral sero 
type alone and clinical histories in the cat 
tle herds where the serum originated have 
included such symptoms as abortions and 
sterility. In other herds where Lepto 
spira pomona had been isolated or in 
criminated serologically (by serial serum 
titer increases), concurrent infection with 
L. sejroe apparently occurred as evidenced 
by the presence of serum agglutinins 
Wolf ® has shown that L 
logically unrelated to L. pomona 
fore, it could be assumed that 
antigenic entities are responsible for L 
and L agglutinins 


CHSECS of 


Borg-Peterson as occur- 


been 


Is sero 
There 
separate 


SC 


pomona serum 
in cattle 
However, 
possible explanations for the existence of 
certain bovine 


OC 
three postulates presented as 


L. sejroe agglutinins in 
were: (1) that such 
tions were false responses due to such dis 
which 


Serums serum reac 


eases as vibriosis and brucellosis 
could 
those 
that 
zootie in wildlife,’ 


lum, could upon infecting or entering the 


cause clinical similar to 
found 


leptospiras of another serotype, en 


symptoms 
in bovine ‘leptospirosis; (2 


such as Leptospira bal 


bovine animal cause agglutinins against 
suggested the possibil 
and this con 
possibility in the light of the 


hallum in wildlife infesting 


Broom 
mutation 


S€ 
itv of strain was 
sidered a 
existence of L 


Dr. tloa of Depart 


ment of 


patholo 


Experiment Sta 


anima 
Agricultural 


Inatitute 


Biolog ginta 


tion, Virginia VPolytechni tlacksburg 


Veterinar Division Walter Reed 


Washington 


* Obtained 
Institute of Medica 


from 


Army Research 


TABLE i—Serum Agglutination-Lysis Titers of 
Calf 7 Inoculated with Leptospira Ballum 
Antigens 


L. pomona aejroe 


grazing areas where cattle were serologi 
cally reactive against L antigens ; 
and (3) that L. sejyroe alone was responsi 
ble for the existence of agglutinins against 
this serotype 

This work was preliminary 


or disproving postulates 1, 2, 


SC 


to proving 
and 3 


EXPERIMENTAL PROCEDURI 


tested against 


Serums obtained from ) 


to the test 


were positive 


for brucellosis and were 
antigens: L. andaman, L 
SVT, L 


autumnalis aki 


16 leptospiral serotype 
ERR, I 
I sentot, I 
yamia, L. ballum, 1 
rhagiac WwW, L. 
typhosa MV, L 


Serums 


semerang, L. bataviae pomona 


S91, L.djasiman, 
icterohaemor 
Z, L. grippo 

hebdomadis.t 

cattle 


naturally 


canicola, 
pyrogenes alea 
OC M, ind 


were obtained from another 20 


which had been either experimentally or 


infected with pathogenic Vibrio fetus. These were 
tested 


antigens 


against the above 16 
The 
using living antigens, wa 


also leptospiral sero 


type igglutination 


lysis test, 


microscope 
employed fo 
the serological test 

ballum was grown in 
1 20 mil, of 
living 
into an 
calf ’s 
throughout the 


Stuart’s me 


this 


Le plospira 
dium for five days an materia! 


containing large numbers of leptospiras 
inoculated intramuscularly 
calf, 6 weeks old The 


taken twiee dai 


was experi 


mental dairy tem 


perature was 


Veterinar 
Medical Re 


cultures origina obtained rom 
Walter Reed Arn 


Washington, 


Strain 
Division Inatitut 


search 


TABLE 2—Serum Agglutination-Lysis Titers of 
Calf 29 Inoculated with Leptospira Sejroe 


wa 
0 
1:1,6 
l 1:1,66 
1:6,40 
D+ 21 1:6,40 0 
D + 25 l f 0 
D 27 l f ) 
) 
1:6.4 
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Fig. 1—Kidney of calf 7 inocu- 

lated with Leptospira ballum 27 

days previously. Note the nu 
merous white foci. 


study (27 days), after which the animal was 


necropsy A similar procedurs 


(Mallersdorf in another 


slaughtered for 
was used with / ge ror 


experimental calf 


RESULTS 
All serums giving reactions 
Brucella abortus or V 


positive 
against fetus anti 
gens were negative against the 16 lepto 
fortunate that 
serum obtained tested was not 
from cattle concurrently infected with 
brucellosis, vibriosis, and leptospirosis. Al 


spiral antigens. It was 


and so 


AGGLUTININS IN 


CATTLE SERUM 


glutinin titers (1:200 or greater) against 
Brucella tube antigens none cross reacted 
with any of the leptospiral agents 

The calf experimentally inoculated with 
L. ballum exhibited a clinical reaction of 
fever and anorexia (graph 1). Serological 


inoculation indicated the 


response to the 


presence of agglutinins solely against the 


serotype L. ballum (table 1 Upon nee 
27th day kidney ty pica 
of leptospirosis were found ( fig ] 1 
calf inoculated with L 
no observable clinical 


ropsy lesions 


sejroe ey ibieu 


signs of le 


though many of the serums had high ag- rosis but, serologically, it was possible to 


107 


106 


Days 


Graph 1—Rectal temperatures of calf 7 inoculated with Leptospira ballum on D-day 


51 
105 — 
104 - 
F° 103 — 
Temp. 
102 — 
101 


n2 W.G 
demonstrate a serum-agglutinin titer rise 
against the homologous leptospiral sero- 


type (table 2). Necropsy findings on this 


animal were insignificant 
DISCUSSION 


that L. sejroe, although 
proved to exist in 


It is indicated 
never bacteriologically 


this country, is apparently necessary for 
the presence of agglutinins against this 
serotype. This work has been in the na- 


ture of a pilot study but helps support 
certain other research conducted on a 
broader scale in which bovine agglutina 
tion-lysis titers against L have been 
confusing.” 

Leptospira sejroe has never been isolated 
from naturally occurring cases of lepto 
spirosis, perhaps due to a lack in tech- 
niques which are successful for isolation 
of other leptospiral serotypes. Laboratory 
animals, such as hamsters and guinea pigs, 
ordinarily used for isolation purposes are 
often suitable for use with this sero 
has not in 


jroe 


not 
type. Leptospira sejroce 
cases, been recovered or blind-passaged in 
such animals after experimental inocula 
tion with cultures of the organism.” Other 
techniques may have to be applied before 
this serotype will be isolated from natu 


most 


rally occurring cases 


SUMMARY 
agglutinins 
fetus 


Bovine serums containing 


Brucella abortus and Vibrio 


avainst 


HoaG Am. J. Ver. Res 
JANUARY 1957 


were tested against 16 leptospiral antigens 
(living cultures) in the microscopic agglu 
tination-lysis test. These did not 
give positive reactions against any of the 
leptospiral antigens. 

Leptospira ballum and Leptospira sejroe, 


into 2 


serums 


when inoculated separately calves, 
each produced agglutinins against the ho 
mologous strain antigen but not against 
the other antigen 

It is suggested that the presence of L 
sejroe agglutinins in bovine serums is due 
to exposure to L and that eventual 
bacteriological proof will substantiate such 


serological evidence of the existence of this 


leptospiral serotype in the United States 
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Histopathological Alterations of the Bovine Uterus 
|. Studies with Vibrio Fetus 


JOSEPH SIMON, D.V.M., Ph.D., and S. H. McNUTT, D.V.M. 


Vadison Wiscon sin 


THe roLE of Vibrio fetus in bovine repre 
duetive failures has not been established 
accurately. Similarly, the changes within 
the infected uterus have not been fully 
elucidated and the significance of the 
serum-agglutination reaction for vibrionic 
infection is not entirely clear. In an at 
tempt to gain more knowledge on these and 
other questions, the disease in experimen 
tally infected heifers was studied 


Review or LireRATURE 


MeFadyean and Stockman,’ of England, appar 
ently first recognized V, fetus infection as an epi 
zootie of abortions in ewes, Others ** have reported 
ovine fetus infection, According to these re 


ports, over 0 per cent of ewes aborted in some 
flocks 
Smith”  deseribed 14 cases of vibrionie abor 


tion in cows and pointed out that only Vibrio 
organisms could be demonstrated. He examined 
109 aborted bovine fetuses and found Vibrio in 
“} or 23.8 per cent. Smith” and Smith et al,’ 
deseribed their studies on the etiological role of 
V. fetus and on aequired immunity in vibrioni« 
abortion. Smith'’ was able to infect guinea pigs 
and cattle with V. fetus by artificial exposure 
Lerche” examined 1,565 aborted bovine fetuses 
ind found 22 or 1.41 per cent were due to vibriosis 
Others 
cattle. Stegenga 


have reported V. fetus infeetion in 


* investigated the relationship of 


and concluded 


I fetus to ‘‘enzootic sterility 
that vibriosis is the cause of enzootic sterility. 
Blakemore and Gledhill® used one strain and 
Levi ™ used five strains of V. fetus of ovine origin 
for the serum agglutination test for vibrionie abor 
tion of sheep. Both authors concluded that the 
agglutination test had little diagnostie value 
Smith «f al obtained variable results with the 
serum-agglutination test for V. fetus. Plastridge 
considered a serum agglutination titer of 1:200 
higher as a positive indieation of vibriosis iy 
cattle, 1:100 as suspicious, and 1:50 as insignifi 
cant Brocklehurst 


a 1:320 dilution or higher of the serum as positive 


considered agglutination in 


for vibriosis. Plastridge and Williams ™ eoneluded 


that an agglutination at serum dilution of 
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or higher should be considered positive for priot 
vVibriosis in eatth Moore believed that vibriosis 
in cattle was prevalent in the United States lx 
cause a large number of cattle reacted when tested 
by the agglutination test. Roberts et al. ques 
tioned the reliability of the agglutination test for 
vibriosis. According to Brus,” the serum aggluti 
nation test for V. fetus is unreliable. He suggested 
the use of either cervieal or uterine secretions im 
a tube-agglutination test. Sato et al.™ studied the 
agglutinins and chemical composition of the eolos 
trum of a eow and found agglutinins for Fs 
cherichia coli and V. fetus and, to a lesser degres 
for Salmonella paratyphi B, Brucella melitensia 
and Brucella abortus 

Gardner and Venkatraman ™ defined the cholera 
group of vibrios as consisting of vibrios with 
similar biochemical characters and a common heat 
labile antigenic component 

MeCullough al. demonstrated the antigenic 
relationship of Brucella and Vibrio cholerae by 
reciprocal agglutinin absorption tests with anti 


serums prepared against V. cholerae antigens 


MATERIAL AND 


The vibrios were grown as follows, Stock cul 
tures in semisolid Albimi Brucella broth were 
examined for motility and purity. Of each eulture 
0.5 ml. was inoculated into 10.0 ml of sterile 
Brucella broth (Albimi) reinforced with 0.1) per 
the pH. of which had been 
adjusted to 6.8. The inoculated medium was in 
cubated under 10.0 per cent CO, at 37C. for 48 


hours. Then 1.0 ml. of each broth culture was 


cent agar (semisolid 


seeded upon bottle slopes of Brucella agar (Al 
bimi) whieh was reinforeed by the addition of 
1.0 per cent agar, so that the final agar eonecen 


tration was 2.5 per cent and adjusted to a pil of 


TABLE 1—Vibrio Fetus Strains* Used in Experi 
mental Studies 


Strain 
desig 
nation Source of strain 
543 Bureau of Animal Induastr ovine origin 
M Isolated from stomach contents and liver 
iborted bovine fetus in Wisconsin Apri 
1950 
Culture Longo (from W Plastridge 
24,49) 
kt Bureau of Animal Industry; bovine origin 
\ Isolated from stomach contents of aborted bo 
vine fetus in Illinois, July, 1949 
D Hureau of Animal Industry; bovine origin 
The cultures of vibrios used in this stud were ob 


tained from Mr. Gordon Roberstad, Department of Vet 


erinar Science, L niversit of Visconein 
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TABLE 2—Tube-Agglutination Test Titers with 
Vibrio Fetus Antigens of Serums from Heifers 
Prior to Experimental Inoculations 


Antigens 


Heifer 
No 43 K M M Pp D 
697 1:80 
51712 1:160 1:20 
644 1:80 
3 1:80 
1 1:80 
691 1:80 
41312 1:160 
1:40 1:20 
6u4 1:320 1:80 
11413 1:80 1:40 
1:160 1:20 1:80 
47824 1:160 
490380 1.160 
41315 1:80 
2 1:160 1 
89002 1:80 
$4471 1:80 1:10 


6.8. The inoculated slope cultures were incubated 
at 37 C, under 10.0 per eent CO, for 72 

The slopes for the first 
contained 200.0 ml. of agar in Roux bottles 
this size bottle was frequently 
resulted in contamination, smaller bottles contain 


hours, 
series of inoculations 
Since 


cumbersome and 


ing 50.0 ml. of agar were used for subsequent 
experiments 
The fastidious growth requirements and great 


difficult, if not im 


hemocytometer 


motility make it extremely 


possible, to use plate eounts or 


counts to estimate the number of cells in actively 


growing V. fetus cultures, In addition, growth of 


the Vibrio cultures varied considerably, making 
standardization of inoculums difficult. 
The growth upon the inoculated slopes was 


washed off with 10.0 ml. of sterile distilled water 
adjusted to a pH of 6.8. The cell suspensions were 
poured into sterile inulin tubes and motility and 
apparent purity checked by examination of hang 
ing drop preparations. A final mixed culture of 
10.0 ml., approximating the turbidity of the tube 
7, MeFarland nephelometer, was prepared and used 
for the inoculations. 

The cattle used in this study comprised a self 
contained group which negative to the ag 
glutination test for brucellosis. All 
heifers, mainly of the Holstein-Friesian breed, in 
excellent physical condition, and maintained under 
excellent sanitary conditions and management. 

The serums of all animals were tested for ag 
fetus 


was 


were virgin 


glutinins specific for the strains of V used 
(table 2). 

serums of all the heifers 
543, 


experimental 


in the experiments 
Since the 
agglutinins against 


contained 


antigen this strain was 


not employed in the inoculations 
Heifers whose serums showed a titer against any 
of the other antigens were largely excluded from 
inoculation with homologous cultures. 

The bull used for service was a Holstein Friesian 
whose serum did not contain agglutinins for Bru 
cella or for the six strains of vibrios 


The first group of heifers (table 3) was inoeu 
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lated in utero four to eight hours following natu 
ral service during estrus using a Folmer-Nielsen’s 
This catheter is well adapted for 
form 
instrument 


metal catheter. 


such use, since its double spiral permits 


‘‘threading’’ of the 
through uterus. It has a 
sufficiently large that a 
slip-hub syringe can be attached and the material 


relatively easy 


the cervix into the 


opening posteriorly so 


through the catheter. Inoculums were 


mixtures of approximately equal amounts of four 


strains Re, Ms, Mz, 


injected 
or five of the following 
and Dy, 

The second group of 6 pregnant heifers (table 5 
was subjected to the following inoculation sched 
ule. Two heifers were fed 10.0 ml. of mixed Vibrio 


cultures in a No. 10 gelatin capsule; 2 were in 


jected intravenously and 2 were inoculated into 


the uterus through incision, 
Blood samples were taken from the heifers one 


approxi 


a laparotomy 


week following inoculation and then at 


mately two-week intervals. Tube-agglutination tests 
were performed utilizing the six antigens, 
The heifers were killed at varying times follow 


ing inoculation and the entire reproductive tract 


removed as quickly as possible for transport to the 


laboratory for studies of the bacteriology and 
pathology. Studies of the bacteriology were re 
stricted to efforts to isolate vibrios. Tissues for 
studies of the histopathology were fixed in Moss 


well as 


The 


changes 


man’s fixative gross as microscopic 


pathological were studied 


The following procedures were employed in an 


attempt to obtain vibrios in pure culture. Fetal 
stomach or uterine fluids were aspirated asepti 
cally and eultured directly in sterile semisolid 
srucella broth medium and larger aliquots were 
placed in 30.0-ml. sterile centrifuge tubes. The 
tubes were centrifuged at 3,000 r.p.m. in an Inter 
national centrifuge, size 1, for 20 minutes. The 
clear supernatant was filtered through a sterile 
Berkfeld W filter attached to a sterile 200.0-ml. 
side-arm flask, Usually, after 20 to 30 minutes 


5.0 to 10.0 ml. of filtrate could be colleeted. Of 


TABLE 3—Group 1, Heifers Inoculated Intra- 
uterinely with Mixed Suspensions of Vibrio Fetus 
Utilizing the Folmer-Nielsen’s Catheter 


No. of Postinocula 
Heifer inocula tion time No. of 
No tions killed services 
697 1 62 hours 1 
684 i 7 days 1 
31812 ; 11 days 2 
81313 16 days 5 
989 I 4 
47824 l 2 
89030 4 
14471 2 
694 1 5 
1712 1 


* Inoculated twice during the luteal phase, on days 6 


and 9 following second estrus, this animal failed to con 


ceive at first service after inoculation with V. fetus 
suspensions, 
t Inoculated with mixed suspensions of V. fetus at 


each of five separate estrous periods, this heifer mani 


feasted the syndrome 


repeat breeding 
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this filtrate, 1.0 ml. was pipetted into sterile semi 
solid Brucella broth medium. The inoculated tubes 
were incubated in an atmosphere of 10.0 per cent 
CO; at 37 C. for 48 hours. With these techniques, 
Vibrio cultures could be occasionally isolated from 
known infections; however, Pseudomonas sp. also 
passed Berkfeld W filters and frequently 
grew the vibrios. 


over 


RESULTS 


The report of the bacteriological exami- 
nations and of the gross and microscopic 
studies of the pathology will be limited to 
the significant findings. 

Of the 8 heifers, which were kept a suffi- 
cient period of time following inoculation, 
7 required additional service. However, 8 
uninoculated control heifers became preg- 
nant on first service. Animals were placed 
in an inoculated or a noninoculated group 
at random. Six of the 8 uninoculated con- 
trol heifers (53, 691, 132, 31315, 2, and 
89002) were used for additional expeéri- 
mentation to be defined later. 

Heifer 697.-Forms resembling V. fetus 
were observed in hanging drop prepara- 
tions of secretions obtained from the ex- 
ternal and internal os of the cervix. 
Attempts to isolate the vibrios in culture 
mediums were unsuccessful because of over- 
growth by molds. 

Grossly, the vaginal mucosa was mark- 
edly congested and contained hemorrhagic 
areas measuring 3.0 to 5.0 em. in diameter. 
The dorsal serosal surface of the body of 
the uterus was congested and ventrally 
there was a serous exudate, measuring 4.0 
by 3.0 by 7.0 em. Considerable pressure 
was required to force saline through the 
lumen of the right oviduct, the ovulatory 
side. Finally, a core of purulent material 
was dislodged (fig. 1) and the saline flowed 
freely through the oviduct. 

Microscopically, the uterus displayed 
considerable subepithelial edema (fig. 2) 
and many endometrial glands contained 
amorphous material. A subserosal abscess 
was present on the left oviduct anterior to 
its attachment to the uterine horn. There 
were a number of polymorphonuclear leu- 
kocyte accumulations extending to the 
mesosalpinx. The right oviduct contained 
a core of purulent material which virtually 
oecluded the lumen, even though a part 
had been washed out. 

The condition in this animal 


was Ali 


acute bilateral salpingitis. 
Hanging drop preparations 


Heifer 684 
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of secretions from the external os and the 
anterior vaginal region revealed forms iden- 
tical with V. fetus. Other regions of the 
genital tract were apparently free of such 
bacteria. Attempts to isolate vibrios by 
cultural methods were unsuccessful. 

Grossly, suffusion-type hemorrhages were 
observed dorsally in the vagina and ven- 
trally between the vagina and bladder 
which extended to the external urinary 
meatus. Vaginitis and cervicitis were ob- 
served; the cervicitis was most marked in 
the region of the external cervical os. The 
dorsal and ventral serosal surfaces of the 
uterus were congested. Between the body 
of the uterus and the bladder, extensive 
serous exudate was apparent over an area 
approximating 4.0 by 6.0 by 6.0 em. The 
serosal surface of the bladder was thick- 
ened and hemorrhagie. 

Microscopically, the cellular exudate of 
the cervix consisted mainly of plasma cells, 
lymphocytes, and a few polymorphonuclear 
leukocytes. A few of the superficial mucous 
cells of the cervix were necrotic and hyal- 
inization of areas of smooth musculature 
was apparent. The myometrium contained 
a number of hyalinized areas, the inter 
glandular areas were edematous, and nu 
merous mast cells were present but lympho 
cytes predominated. The oviduets were 
apparently functionally normal, although 
there were some subserosal degenerative 
changes. The bladder was edematous. The 
vessels of the submucosa of the bladder 
were engorged. 

This animal was afflicted with a chronic 
cervicitis. 

Heifer 31312.— Attempts to cultivate 
vibrios were unsuccessful, even though 
many parts of the reproductive tract were 
cultured. 

Gross pathological examinations revealed 
that the body and horns of the uterus were 
congested; an edematous exudate covered 
the serosal uterine surface, retroperi 
toneally. The dorsal serosal surface of the 
uterus contained a fibrinous hemorrhagic 
exudate which extended from the cervix to 
the uterine horns. The dorsal subserosa of 
the left uterine horn contained small ab 
seesses 1.0 mm. to 2.0 mm. in diameter 
Both oviduets contained purulent exudate 

Microscopically, the vessels of the blad 
der were generally engorged. The surface 
epithelium of the cervical invaginations 


Fig. 1—Cross section of 
the oviduct of heifer 697, 
showing necrotic material 
in the lumen (cone-shaped 
portion—a), polymorpho- 
nuclear leukocytes in 
stroma, and salpingitis. 
x 165. 


Fig. 2—Cross section of 
the interglandular area of 
the endometrium of heifer 
697, showing extensive 
edema and nests of mast 
cells indicated by arrows. 

x 165. 
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Fig. 3—Cross section 
showing infoldings of cer- 
vical mucosa in heifer 
31312 with a mild chronic 

cervicitis, x 165. 


Fig. 4—Cross section of 
septic thrombus in a villus 
of heifer 53; vibrionic 

abortion. x 165. 


‘ 
fase 
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Fig. 5—Cross section of endometrium of heifer 53, 
showing inflammatory exudate in the subepithelium 


and the uterine lumen; endometritis, vibrionic 


abortion. x 165. 


was thin and, in some areas, it was eroded 
and necrotic. The subepithelium contained 
an inflammatory exudate composed of 
lymphocytes, monocytes, and plasma cells. 
The lumen of the uterus contained an amor- 
phous material composed largely of cellular 
detritus. The subepithelial endometrium 
contained accumulations of polymorpho- 


TABLE 4—Bacteriological and Pathological 
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nuclear leukocytes and mast cells, the ves 
sels were engorged, and a number of 
hemorrhagic and edematous areas were 
present. Numerous microscopic abscesses 
were observed dorsally in the mesosalpinx 
and the subserosa of both oviducts. The 
cellular exudate present within the sub 
serosa consisted mainly of plasma cells, 
polymorphonuclear leukocytes, and lymph- 
ocytes. 

This animal had an acute bilateral sal- 
pingitis and a chronic cervicitis (fig. 3) 

Heifer 31313.—Cultures and hanging 
drop preparations of various parts of the 
reproductive tract did not reveal the pres- 
ence of vibrios. 

Gross pathological examination revealed 
a number of cysts of the vaginal mucosa 
which measured 0.5 to 3.0 em. in diameter 
The remainder of the reproductive tract 
appeared normal, 

Microscopically, the surface epithelium 
of the cervix appeared flattened. There was 
vacuolization of the subepithelial tissue 
and a cellular exudate composed mainly of 
lymphocytes and plasma cells 

Considerable edema and a fibrinous exu- 
date were observed in the subepithelium of 
the uterus. A cellular exudate within the 
endometrium consisted mainly of lympho- 
cytes associated with a large number of 
mast cells. In one area of the myometrium, 
apparently aberrant endometrial glands 
were present, evidence of an endometriosis. 
The oviduets seemed to be normal. 

This heifer had a chronic cervicitis. 

The summary of the bacteriological and 
pathological findings of the killed heifers 
of group 1 (table 3) is shown (table 4). 
Heifers 89002 and 2 received 5.0 ml. 
each of the mixed culture intravenously 
on alternate days until a total of five in- 
oculations were given. 

Heifer 89002 exhibited shivering, chills 
and labored breathing, approximately 30 
minutes following the fourth injection 


Findings in Heifers Inoculated Intrauterinely 


via Catheter 


Vibrio viewed 
under hanging 
preparation 


Heifer or recovered Vagina 
607 + Congested, hemorrhagic 
684 Congested, hemorrhagic 
11312 


Cysts 


Pathological changes 


Cervix Uterus Oviducta 
Edema 
Chronic cervicitis 


Chronic cervicitis 


Bilateral salpingitis 


Bilateral acute sal 
pingitis, serosal 


Serosal abscess 


abscesses 


Chronic cervicitis Endometriosis 


3 
We 
2 
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Adrenalin® hydrochloride, 1.5 ml. of a 
1:1,000 solution, was administered intra- 
muscularly and the signs abated. She was 
killed 39 days after the initial inoculation. 
Attempts to isolate vibrios from the uterus 
and fetal organs were unsuccessful. 

Grossly, the fetal membrane and uterus 
were normal in appearance. 

Microscopically, two small necrotic foci 
were observed in the chorionic villi. A 
slight cellular exudation of polymorpho- 
nuclear leukocytes was seen in close prox- 
imity to the necrotic foci, The uterus was 
apparently normal. The tissue changes were 
minimal. 

Heifer 2.—This heifer was killed 88 days 
after the initial inoculation and seven days 
after she had calved prematurely. The 
small, weak calf was killed for cultural 
studies. The stomach fluids were opaque 
and grayish. Exudate or transudate was 
not detected in any of the body cavities. 

Organisms resembling vibrios were ob- 


pre 
ty 
Fig. 6—Cross section of a 
number of necrotic chori- 
onic villi in heifer 53; 
vibrionic abortion. x 165. 
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served in hanging drop preparations made 
from the fetal stomach contents, and a pure 
culture of Vibrio was obtained. This heifer 
did not shed the tightly adherent fetal 
membrane and manual attempts to remove 
it 24 and 48 hours following the premature 
calving were unsuccessful. Since the uterus 
was ballooned and contained approximately 
3 to 4 gal. of necrotic, putrid, decomposing 
membrane tissue and detritus, no attempt 
was made to culture vibrios from it. 
Gross examination revealed that the fetal 
membrane was markedly necrotic, putrid, 
and unsuitable for processing and section 
ing; hence, it was discarded. 
Microscopically, the epithelium of the 
uterus in some areas was entirely eroded 
The subepithelium of the uterus was infil 
trated by an exudation of vast numbers of 
plasma cells (fig. 10), many lymphocytes, 
and a few polymorphonuclear leukocytes 
The caruncles contained necrotic areas 
superficially and many of the vessels of the 


vr 


4 
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Fig. 7—Cross section of thrombosed vessel in the 
fetal membrane of heifer 31315; vibrionic abor- 
tion, x 165. 


caruncles were thrombosed. This heifer had 
a severe, extensive, chronic endometritis, 
The interstitial areas of the folds of the 
oviduets contained foci of lymphocytes and 
plasma cells. Although the duets were pa- 
bilateral, 


tent, a chronic salpingitis was 
present, 

Heifers 691 and 13Z each received a 
series of five 5.0-ml, doses of mixed cultures 


orally. The inoeulums were put into No 
10 gelatin capsules and administered with 
a balling gun. These cattle did not exhibit 
any unusual effeets following administra 
tion of the capsules 

Heifer 691.—Heifer 691 was killed 39 
days after initial oral inoculation. Attempts 
to isolate vibrionic organisms from the 
uterus and fetal organs were unsuccessful 

Grossly, the part of the fetal membrane 
which extended into the nonpregnant left 
uterine horn contained an edematous area 
approximately 3.0 by 4.0 em. in size. The 
body of the uterus appeared normal 


AND S 
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many of the chorionic 
villi were edematous number ap 
peared hyalinized. In the fetal 
tissue showed little change and the uterus 
was apparently normal 

Heifer 13Z. the genital tract 
of heifer 691 was essentially normal, heifer 
13Z was not killed. She was retained and 
calved normally. Attempts to isolate vib 
from the uterus and uterine fluids 
following parturition were unsuccessful. 

Heifer 31315.—This heifer 
days after inoculation and was killed four 
days later. 

The 7-month fetus 
normal in size for that 
Its thoracie and 
contained nearly a liter of scrosanguineous 
fluid. Amorphous gelatinous, 
edematous material were observed, partic 
ularly in the sublumbar region 

Vibrios were observed in hanging drop 
preparations obtained from the fetal stom- 
ach and the uterine fluids. These fluids 


Microscopically, 
and a 


general, 


Because 


rios 


aborted 29 


was approximately 
stage of gestation 


peritoneal cavities each 


masses of 


TABLE 5—Experimental Data of Group 2 Heifers* 

Inoculated Intravenously, Orally, and Intrauter- 

inely via Laparotomy with Mixed Suspensions of 
Vibrio Fetus 


No. of in Postinoculation Route of expo 
Heifer oculations day killed sure of V. fetus 
5 ntravenously 
2 ntravenously 
691 Orally 
132 5 Orally 
1 Intrauterine!) 
5% Intrauterinely 


* All the heifers of this group were bred naturally and 


were approximately in the fifth mont} f pregnancy at 


the time of exposure 


were cultured and yielded growth of 
vibrios. 
Grossly, the fetal membrane was ex 


tremely edematous, primarily in the peri 
cotyledonary areas, while thickening and 
the in 
tercaruncular areas, and extensive necrotic 


minimal necrosis were observed in 


rABLE 6—Bacteriological and Pathological Findings in Pregnant Heifers Inoculated Intra 
venously, Orally, or Intrauterinely via Laparotomy 


Vibrio recovered or 
iewed under hanging 


Heifer drop preparation Vagina 

147 No necropsy 


Cervix 


Pathological change 


Uterus Oviduet 
Chronic endometrit Hilateral chror 
pingit 
Acute endometrit ite bilatera 
slpingit 


Acute endometritisx 


ky . 
‘ a 
4 
~ 
> 
4 ‘ 
SS. 
SEO 
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foci were observed in the cotyledonary at- 
tachments. The fetal membrane was heavy 
as a result of extensive generalized edema. 
The uterus contained 3 liters of serosan- 
guineous fluid with neerotie debris. The 
uterine wall appeared somewhat thick- 
ened. The endometrium seemed congested 
and the caruncular areas were generally 
necrotic 

TABLE 7 — Reciprocal Tube-Agglutination Test 

Results—Heifer 51712* 


Antigens 
K M M r 

10 1A0 20 

4 120 RO 160 ao 
19 120 20 160 320 80 160 
4/3 120 120 40 RO 40 160 
4617 160 160 20 160 a0 160 
5/1 160 160 R80 160 80 160 
5/15 160 160 80 160 80 160 
65 $20 320 80 320 160 320 
6/19 320 320 320 640 160 320 
* Bred Feb. 28, 1951, and inoculated intrauterinely 
Feb. 28, 1951, with V. fetus, strains Re, Me, Ms, and Dy 


Microscopically, the fetal membrane ex- 
hibited an inflammatory edema associated 
with infiltration of polymorphonuclear 
leukocytes and a few lymphocytes and 
plasma cells. The vessels of the villi con 
tained septic thrombi (fig. 7). The lumen 
of the oviduets contained  eosinophilie 
amorphous debris. Accumulations of poly 
morphonuclear leukocytes were 
the interstitial areas of the submucosa as 
well as occasional foci of chronic inflam 
matory cells (fig. 9). The caruneles con- 
tained necrotic areas (fig. 8) and, in some 
fields, there were adhesions between the 
chorionic villi and the spaces within the 
caruncles in which the chorionic villi in- 
terdigitate. The interglandular areas con- 
tained numerous edematous areas. 

This animal had an acute endometr.tis 
with a bilateral acute salpingitis. 


seen in 


HisTOPATHOLOGY OF THI 


Bovine Uterus 6] 


Heifer 53.—This heifer calved prema 
turely 22 days after inoculation and was 
killed 11 days later. 

The calf was normal in size and appear 
ance for one at 6 months’ gestation. It was 
killed for bacteriological study. Hanging 
drop preparations of the fetal stomach con 
the uterine secretions 
vibrionic forms. The stomach 
content vielded a pure culture of Vibrio 
organisms. A yellow, amorphous debris 
With a viscosity similar to that of meco 
nium Was present in the stomach 

The edematous and thickened fetal mem 
brane was expelled in toto approximately 
six hours following parturition, The ca 
runcular attachments were necrotic, as in 
heifer 31315, and pericotyledonary 
areas were conspicuous because of their 
large, thick, edematous condition. In some 
areas, the fetal membrane was leathery, 
and markedly necrotic, with some foci 6.0 
em. in diameter. Between the tissue layers 
in many areas, hemorrhagic exudate rang 
ing from 1.0 to 5.0 em. in diameter was 
observed. The uterus contained amorphous 
necrotic debris in the lochia. In general, 
the endometrium of the pregnant horn 
was hemorrhagic, that of the nonpregnant 
horn somewhat congested. 

Microscopically, most of the chorionic 
villi were neerotie (fig. 6) or markedly 
degenerated. Possibly, the most significant 
finding was the extensive inflammatory 
edema between the layers of the fetal 
membrane. The exudate consisted prima 
rily of polymorphonuclear leukocytes with 
some lymphocytes and plasma cells. Many 
of the vessels of the villi were thrombosed 
(fig. 4) and aeute and chronic inflamma 
tory cells were observed in most areas. The 
lumen of the uterus contained an exudate 


tents and revealed 


numerous 


TABLE 8—Reciprocal Tube-Agglutination Test Results—Heifer 2” 


Antigens 

Date 545 P, M Db K M Brucella 
4/19 160 160 320 160 160 16u 
4/21 160 160 160 a0 160 ao 
4/23 120 120 160 160 
5/1 1.20 40 1280 1280 +4 I 

2,560 1.250 640 120 I 

560 1,250 >, 120 120 1,250 160 

2 2 500 1,280 2,560 640 120 160 

640 120 1,280 20 160 

6/5 640 1,280 420 640 
6/19 160 160 1,280 20 640 160 

* Bred Nov 16, 1950, and inoculated intravenously April 15 17 19, 21 and 25 1951 with 


V. fetus 


strains P,, Ms, D R., and M, 


Fig. 8—Cross section area 

of focal necrosis, showing 

uterine caruncle of heifer 

31315; vibrionic abortion. 
x 165. 


Fig. 9—Cross section of 
an endometrial gland in 
heifer 31315, showing ex- 
tensive exudate consisting 
predominantly of poly- 
morphonuclear leuko- 
cytes; vibrionic abortion. 
x 165. 
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TABLE 9—Reciprocal Tube-Agglutination Test Results—Heifer 


Antigens 


543 M 
320 530 
320 520 
320 640 
640 640 
320 2 120 
280 640 
2,560 2,560 
2,560 1,2 2,560 
* Bred Nov. 15 
fetus, strains P,;, Ms 
t Killed 


1950 


Dr, Rs, and M, 


composed chiefly of polymorphonuclear 
leukocytes and lymphocytes; plasma cells 
were also present (fig. 5). The vessels of 
the endometrium were engorged and mast 
cells were present in great numbers in the 
endometrium and myometrium. The in 
flammatory exudate of the endometrium 
consisted largely of polymorphonuclear 
leukocytes. Sections of the caruncles re 
vealed areas of necrosis and hyalinization 
of the more superficial! regions. 

The major pathological changes in this 
heifer consisted of an acute endometritis 
accentuated by extensive edema. 

The summary of the bacteriological and 
pathological findings of the heifers of 
group 2 (table 5) is shown (table 6). 

The serum of each heifer was tested peri- 
odically for agglutinins for V. fetus. Rep- 
resentative titers are compiled (tables 7 to 
12). Marked differences in the titers ex- 
isted among the heifers and the reactions 
of individual serums with the six antigens 
varied considerably from time to time. The 
serums from 2 animals which were inocu- 
lated intravenously contained the highest 
titer of agglutinins for the Vibrio antigens. 
The titers of 2 heifers, inoculated intra- 
uterinely via laparotomy, which aborted 
22 and 29 days later, 
somewhat higher for antigens M 


respectively, were 
and R 


TABLE 


and inoculated intravenously 


Brucella 


BU 
160 +1 


a0 


+ 


April 1951, with 


Reactions with the other four antigens did 
not change appreciably. The serums of the 
2 heifers which received mixed cultures of 
Vibrio organisms orally agglutinated the 
antigens only in low dilutions. However, 
there was some increase in agglutinins for 
the antigens M, and R,. Animals exposed 
to all five strains showed a greater response 
to R, and M,,. 

A significant finding was that aggluti 
nins for Brucella developed in 2 heifers 
ineculated intravenously with V. fetus 
The Brucella titer reached a maximum 
approximately one month after the initial 
inoculation and rather rapidly subsided 
thereafter. Heifer 89002 was slaughtered 
at 39 days when her titer was receding, 


TABLE 11-——Reciprocal Tube-Agglutination Test 


Results—Heifer 32788* 
\ntiz 
M 


160 80 

160 RO 

160 BO 

320 160 Bu 160 

160 160 

120 160 40 $20 

$20 $20 40 

640 640 $20 
19 120 640 160 160 


* Bred 


tore), and 
20, 1951, 


Feb. 23, 1951 
inoculated 
with V. fetus 


March 20, 10651 
intrauterinely via catheter 
and M 


and (vagina 


Mare} 


strains D 


10—Reciprocal Tube-Agglutination Test Results—Heifer 691* 


Antigens 


160 
160 
160 
160 
160 
160 


160 


* Bred 
strains P 


1950, and 
and Mz. 


inoculated orally 


Brucella 


63 
89002" 
D M 
BO 16 
80 x0 
120 $20 
0 16 ++I 
‘ 
‘ 
6 
6 
4 f 
- 
64 if 
M D 
Killed 


JOSEPH SIMON 


AND S 
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TABLE 12—Reciprocal Tube-Agglutination Test Results—Heifer 13Z 


Antigens 


while heifer 2 did not Brucella 
titer two months following the initial Vib 
rio inoculation, The maximum titer reached 
was 1:100, with incomplete agglutination 
at the 1:200 dilution. The Brucella titer 
manifested in these heifers is considered 
to be the result of an antigen common to 
Brucella. No evidence of bru 
found in of the 


POSSESS a 


Vibrio and 


cellosis was any animals 


at any time 


The results of a limited number of trials 
in which the cervical mucus was tested for 
agglutinins The uterine 
fluid titers of the 2 heifers which had been 
laparotomy 


were equivocal 


inoculated intrauterinely via 
were of the same magnitude as the blood 
titers 
DISCUSSION 
The pathological alterations which could 
be ascribed to Vibrio inoculations were de- 


Fig. 10—Cross section of 
an interglandular area o 
endometrium of heifer 2; 
exudate predominantly of 
plasma cells; chronic en 
vibrionic 
x 330. 


dometritis, 
abortion. 


64 
i M M cella 
160 160 160 0 160 30 
1 6 160 a0 
4 160 a0 40 
20 1,280 640 80 
Bred 0 4 1950, and inoculated orall Apr 7 19, 21 and 1951 t fete 
train Ml M ind 
=> 
> 
. ~ if 2 
am 
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pendent somewhat upon the route of inocu- 
lation, stage of estrous cycle, and stage of 
pregnancy. The most significant change 
was an acute salpingitis in heifer 697. It 
is believed that at estrus the uterus is con 
ditioned physiologically so that semen can 
be propelled into the oviduct. It is reason- 
able that foreign material introduced into 
the uterus at estrus would likewise be pro- 
pelled into the oviduct. On the basis of 
this theory, it can be surmised that the 
foreign material in the form of Vibrio sus 
pensions could by mechanical or by inflam- 
matory incitement prevent conception. The 
fact that 1 heifer conceived following in 
oculation with vibrios would tend to dis- 
credit this theory although sufficient dis- 
turbance of the oviduct may not occur to 
prevent conception. 

The pathological alterations af the uter- 
us were most marked in the heifers which 
aborted subsequent to intrauterine inocu- 
lation via laparotomy and in heifer 2 in 
oculated intravenously. 

The uterine and fetal membrane alter- 
ations were minimal in 2 heifers which 
were slaughtered approximately one month 
following oral and intravenous inocula 
tions, respectively, of Vibrio cultures. 

The uterus of heifer 31313, manifested a 
number of tissue changes which were in 
dicative of a chronie endometritis. This 
heifer which had been rebred five times 
and inoculated five times was slaughtered 
16 days following the last breeding. The 
significance of the aberrant endometrial 
glands in the myometrium, 1.e., endometrio 
sis, is Open to speculation. This focus of 
endometrial glands was located in the myo 
metrium and not in the usual subepithelial 
location 

There was no evidence of permanent in 
jury due to salpingitis in the limited num- 
ber of animals in this experiment, nor was 
there any indication that hydrosalpinx fol 
lowed the salpingitis. The most severe re 
action was observed in the heifer inoculated 
twice during the luteal phase of the estrous 
eyele. This is additional evidence that the 
uterus is less able to cope with infection 
during the luteal phase“ than at estrus 
and that endocrine influence plays a major 
part in the control of uterine infections. 

Since the reactions of individual serums 
varied with the six antigens, time of ex- 
posure, and route of exposure, it is obvious 
that the agglutination test using serum for 
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the routine diagnosis of vibriosis is of 


questionable value (tables 7 to 12 


SUMMARY 


1) Exposure of heifers to Vibrio fetus 
at the time of estrus resulted in the ‘‘re 
peat breeding’’ syndrome 

2) Cultures of V. fetus, inoculated intra 
uterinely via laparotomy and intravenously 
by the external jugular vein, were capable 
of causing premature births. 

3) The major pathological changes ob 
served in experimentally induced vibriosis 
were: salpingitis, endometritis, and exten 
sive generalized inflammatory edema of 
the fetal membrane. 

4) Vibrio fetus infection in apparently 
Brucella-free cattle resulted in the devel 
opment of positive blood-agglutination ti 
ters to brucellosis. 

5) The value of the tube-agglutination 
test using serum for the routine detection 
of vibriosis is equivocal 
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Paper Electrophoresis of Bovine Serum 


JAMES R. ROONEY, Il, D.V.M., M.S. 


Blacksburg, Virginia 


PAPER ELECTROPHORESIS is a simple, rapid 
method for the separation and subsequent 
identification of the components of com- 
plex ionie mixtures. The separation of 
serum proteins, in particular, has been 
extensively studied by the paper electro 
phoretic technique 

Scattered are available on the 
electrophoretic examination of animal se 
rums. Vesselinovitch and Funnel" studied 
both human and canine serums by a two 
hour paper electrophoretic procedure, Pol 
son and Malherbe’ analyzed canine serums 
in several disease conditions using moving 
boundary electrophoresis. Vesselinovitch * 
described electrophoretic studies on edema 
disease in swine. Chabaud et al.* used 
electrophoresis in the antemortem diagno 
San Clemente and Huddle 
‘ using the moving boun 


reports 


sis of rabies. 
and Pierce, 
dary method, reported extensive studies on 
both normal and immune bovine serum. 

The present report is preliminary in na 
ture and intended primarily to call atten 
tion to the value of paper electrophoresis 
in the study of bovine serum. The greater 
part of the work to date has been directed 
to the development of a buffer, time, and 
current system satisfactory for routine ex 
amination of bovine serum 


son 


MerTHops 


holds 
a Spinco Duo 
stud 


\ Durrum type, which 
eight 3- by 
stat power source were used throughout thes 
ies.” Samples of 0.006 to 0.01 ml. of 
Whatman filter 


proteins, 


hanging strip cell 


30-em. paper strips and 
serum were 


separated on o-mm. paper strips 
lipoproteins, and glyco 


Block 


were 


ind stained for 
proteins according to the methods given by 
et al blue 
Analytrol recording seanner and 


Bromphenol 
with the 


(protem strips 
scanned 
integrator 
Veronal 
strength (yu 
different 


buffers 


buffers of ionic 


from 0.05 


pH 8.6, 


to Ojo, were 


varying in 
tested under 

Phosphate 
tended 
milllamperage 
work 


eurrent conditions 
tested, but the 
long 
Throughout 


time and 


were also patterns 
runs at low 


this 


to smear unless 


were employed constant 


Pathology Virginia Agricul 


slacksburg 


From the Anima Section 


tural Experiment Station 
This paper was prepared with the ch al assistance 
of Mrs. Eugene Manu 


Specialized Instruments Corp 


eurrent (milliamperes) rather than eonstant volt 


age was employed 
ResULTS 


TIM, 
rhree 


systems 


general types of veronal buffer 
were employed 1) long time, 
low current, high ionic strength; (2) short 
time, high current, low ionic strength; and 
(3) eonditions intermediate between 1 
and 2 

1) A 16-hour, 5-ma., p 
recommended for human serum,’ gave ex 
cellent resolution of albumin and alpha 
globulin but resolution of beta and 
gamma globulins (fig. 1B) 

2) Two- and three-hour runs at 30 to 35 
ma, and low ionic strengths (0.08 to 0.053 


O.075 system, 


poor 


produced patterns similar to system = 1 
Mobility of all components was greatly di 
creased and distortion of the protein bands 
Was extreme. 
3) Two intermediate 
most satisfactory results: (a) eight 
0.053 and (b) five hours, 21 
0.053. The eight-hour system was 
first utilized 
The five-hour system, however, pro 


the 
hours, 


systems gave 
12 ma., p 
ma., p 

developed 
sively 
duced 


and most exten 


comparable’ separations and was 
more practical in an eight-hour 
day With both there 
separation of albumin and alpha globulin, 
but undesirable diffusion frequently oc 
curred in eight-hour russ 
the beta 


In all eight-hour and most five-hour 


working 


systems, was good 


There Was 


resolution of and gamma globu 
runs, two gamma globulins could be identi 
fied (fig. 1A; fig. PA and B 
Attempts to reduce time with 


tional 


propor 
increases in milliamperage or de 


creases in ionic strength resulted in) band 
distortion and failure to separate the two 
gamma globulins 

Normal 
the 16-, eight 


shown (fig. 1 


bovine serum protein patteriis 
five-hour 
2 Although in 
different breed 


Varying environ 


with and system 


are and 
sufficient 
and 


samples from 


ages, sexes under 


mental 
lish statistical values, the patterns we have 


conditions are available to estab 


observed in bovine seriim have been fairly 
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Fig. 1—(A) Normal bovine serum protein pattern and scan run eight hours, 12 ma., u 0.053. 
Note the separation of two gamma globulin components. 
(B) Normal bovine serum protein pattern and scan run 16 hours, 5 ma., u 0.075. Only one 


gamma component is apparent. 


regular. The following percentage compo lated from a test with the five-hour sys 
sition of a serum sample from a normal 5- tem: albumin, 52 per cent; alpha globulin, 
year-old Holstein-Friesian cow was calcu 13 per cent; beta globulin, 11 per cent; 


Fig. 2—(A) Normal bo- 
vine serum protein pat 
tern and scan run five 
hours, 21 ma., u 0.053. 
Gamma, globulin is ap- 
parent but not adequately 
separated. 
(B) Normal bovine serum 
protein pattern and scan 
run five hours, 21 ma., 
u == 0.053. Adequate res- 
olution of gamma, and 
gamma, globulins. 


68 
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gamma, globulin, 9 per cent; and gamma 
globulin, 15 per cent. 

Studies are now under way to establish 
normal values and ranges for the different 
breeds, ages, and sexes 

Considerable variation in 
composition was usually found when the 
same serum Was tested by several different 
systems The differences could usually be 
attributed either to jamming or diffusion 
of the albumin and alpha globulin bands 
with all except the five-hour system 


percentage 


sjovine serum did not separate as well as 
human serum and showed more diffusion 
of the individual compare 
fig. 1, 2, and 3). 
failed to separate into two 
with any system tested. Human 
globulin consistently separated into alpha 
and alpha, components (fig. 3). Beta glob 
ulin and gamma, globulin migrated in op 
identi 


components 
Bovine alpha globulin 
components 


alpha 


posite directions and were readily 
fied 
to interpret 


The gamma, component was difficult 
This band first 
ered hela 
migration toward the positive pole imme 
diately behind beta globulin Pierce 


Was consid 


to be a globulin because of its 


‘ 


Fig. 3—Normal human serum protein pattern and 
scan run five hours, 21 ma., u 0.053. Note alpha 
and alpha, globulins. 


Paver ELECTROPHORESIS OF 


SERUM 


Bovin! 


Fig. 4—Ramsey-type mucosal disease. Notice the 
increase in alpha globulin as compared to the 
normal, 


showed, with moving boundary electropho 
that often three 
globulins can be detected in bovine serum 
This finding, together with our observation 
that this component either varies or merges 
with rather than beta globulin in 
some abnormal serums, led to the conclu 
that it 
definitive studies 
the exact 


resis, two and gamma 


ganma 


sion 
More 
determine 
ponent 
Glycoproteins and lipoproteins were 
studied te only a limited extent. Schiff 
staining glycoproteins were demonstrated 


was a gamma-type globulin 
required to 
this 


are 


nature of com 


to be migrating with albumin, alpha, beta, 
globulin. Three lipoprotein 
components were detected with the oil red 
() stain; migrated between 
and alpha globulin, another with 
globulin, and the third remained at its ori 
gin. Separation of lipoproteins was erratic 
and was accomplished to any appreciabl 
the 16-hour, 5 ma., » 

live eight-hour 


and ganna 


one albumin 
bela 


extent only with 
0.075 
have produced only smearing and a rar 
More work is required 
method 
solving bovine serum lipoproteins 

Seven 


system and ru 
trace of separation 
to establish a satisfactory for r 
bovine 
five-hour 
The serum pattern of 


abnormal serum 
the 


pattertis 
prepared by 
(fig. 4 
an animal with a case of Ramsey-type mu 
shown (fig. 4 The alpha 


System are 


show 


cosal disease Is 


4 
ar. 
% 
| 
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5 6 


globulin is increased about twofold (26% 

Alpha globulinemia is associated with in 
flammation and Oral, 
esophageal, and ulceration as 
well as hemorrhagic enteritis and colitis 
found at The serum pat 
tern of an animal with a case of lympho 
(lymphosarcoma and the only 
example of a double alpha globulin peak 
encountered in this work, is shown (fig. 5) 


tissue destruction 
abomasal 
were hecropss 


matosis 


Fig. 5—Lymphoma- 
tosis. There is an over 
all increase in globu 
lins, particularly 
gamma globulin, and 
a marked decrease in 
albumin. 


6—Streptococcic 
endocarditis, fibrosis 
and chronic passive 
congestion of the liver, 
and chron c intersti 
tial nephritis. Notice 
the depressed albumin 
and increased alpha 
and gamma globulins. 


Fig. 


There is marked depression of albumin 
(25% ) and concomitant increase in globu 
lins, particularly gamma globulin (30% 

Prior to necropsy, three hematological ex- 
aminations failed to reveal any increase in 
numbers of lymphocytes or any evidence of 
abnormal lymphocyte morphology. The 
pattern for a with tricuspid 
vegetative shown (fig. 6 

The albumin is 23%), and 


serum cow 
endocarditis is 


depr essed 


Fig. 7—(A) Hydronephrosis and traumatic 

reticulitis; (B) notice the progressive de- 

terioration of the serum pattern over the 
course of 22 days. 


con 
hy 
u® 
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alpha globulin (266) and gamma globu- 
lins (38%) inereased. In addition to the 
endocarditis, there was chronic passive 
congestion and diffuse fibrosis of the tiver, 
as well as chronic interstitial nephritis. 
Both renal albumin loss and suppression 
of albumin synthesis by the liver could ae- 
count for the low albumin and relative in 
crease of globulins observed.° The hyper- 
gammaglobulinemia may, also, reflect an 
immune reaction to the hemolytic Strepto 
coccus isolated from the heart lesion. 
Figures 7A and B are from a case of 
traumatic reticulitis and hydronephrosis 
in a Guernsey heifer. The initial diagnoses 
were traumatic gastritis and an unspeci 
fied enlargement of the left kidney, A ru 
menotomy was performed and three nails 
from the reticulum, The animal 
failed to recover satisfactorily and a nee 
ropsy was done 22 days later. Severe left 
hydronephrosis and multiple infarction of 
the right kidney as well as reticulodia 
phragmatic adhesions and abscesses were 
found. The ventral third of the liver was 


removed 


fixed to the diaphragm by multiple adhe 
Serum A 


sions was collected at the time 


Parer ELECTROPHORESIS OF Bovint 


SERUM 71 


of operation and shows depressed albumin 
(17%) and elevated gamma_ globulins 
(49% Sample B was taken prior to nec 
ropsy 22 days later. The nephrosis had 
progressed as reflected in a further de 
pression of albumin (7% Alpha globu 
lin had increased from 19 per cent to 29 
per cent, while the gamma globulins re 
mained the same. In man, a low albumin, 
high alpha globulin, and low gamma glob 
ulin pattern is considered characteristic of 
nephrosis,® while a normal alpha globulin 
in the presence of low albumin and high 
gamma globulin is a reasonably constant 
finding in liver disease.” The present case 
appears to represent a mixture of these 
two pictures, reflecting the presence of 
both liver and renal disease. A similar 
electrophoretic pattern was observed in a 
case Of bovine amyloidosis with involve 
ment of both liver and kidney.’ 
Figures 8 A and B represent 
from a Shorthorn heifer with a disease like 
fescue foot disease. Sample A was tested 
during the acute febrile period with severe 
lameness and inflammation in the hindfeet 
Albumin is only 24 per cent, while gamma 


ae 


B 


Fig. 8—A disease like fescue foot. The “liver disease” pattern (A) has virtually returned to 
normal (B) five months after the acute phase of the disease 


| 
| 
v 
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| 


James R 


normal 
low 


he 


with 


globulins are 45 per cent 
alpha globulin (14%) together 
albumin and high gamma globulin is rea- 
Characteristic of liver disease in 
man The electrophoretic pattern (B) 
had virtually returned to normal five 
months later when the animal was slaugh- 
tered because of chronic deformities of the 
hindfeet 
could be demonstrated in the liver at that 


sonably 


No gross or microscopic lesions 


time 
SUMMARY 


A system for the paper electrophoretic 
analysis of bovine serum is presented. A 
five-hour run at 21 ma current, 
using a p 0.053 veronal buffer system is 
recommended, The hanging strip cell and 
Whatman 3-mm, filter paper were used. 
Examples of abnormal bovine serum pro 
Paper electro 


constant 


tein patterns are discussed 


phoresis appears to be a valuable adjunct 


to the study of pathological physiology in 
cattle 


Roont Y, 
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A Rumen Fistula Modification 


JOHN O. SCHNAUTZ, D.V.M., M.Sc. 


Corvallis, Ore gon 


THE RUMEN fistula is a valuable aid in 
teaching, research, and even in practice 

Since the early work of Schalk and 
Amadon,' it has been used in many ways, 
such as in the relief of chronic bloat and in 
the study of traumatic gastritis (Dough 
erty *). Nangeroni® reported a fistula that 
had been functioning satisfactorily for 12 
years. Michael and MeKinley* simplified 
the classic operative technique 

The fistula to be deseribed, using a cir 
cular incision, has been 
factorily in 12 attempts in 13 adult dairy 
cattle in the last seven years. Two pairs of 
identical twins were in the group 
will be 


established satis 


The one 


unsuccessful operat ion discussed 


later 

The size of the fistula is limited by the 
With an in 


(OPERATION 


paralumbar fossa (Sisson ° 


delible pencil, a cireular mark is made to 


indicate the line of incision. Adequate an 
esthesia is provided by the 2 per cent pro 


The 


caine infiltration described by Frank 


Dr. Schnautz is from the Oregon Agricultural Experi 


ment Station Corvallis 


Fig. 2—The fistula is 
completed but the umbili- 
cal tape ties, held by as- 
sistants during suturing, 
are still attached. 


Fig. 1—A circular incision has been made in the 

rumen wall % of an inch from the continuous 

sutures for approximately one half of the circum 

ference only, and several retention sutures (mat 

tress type) are inserted. The excision and retention 
suturing are then completed 


skin ineision is made with a hooked kuife 


Bard-Parker No, 12), and the skin is ex 


fff 
Cds 
‘ 
A 
‘th 
! 
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| 
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Fig. 3—The completed fistula, with plug and 
transparent cover in place. The lower retention 
sutures are showing. 


A similar portion of the flank mus 
¢les and peritoneum is then removed 

The rumen wall is then grasped with a 
cervical forceps and drawn into the open 
ing. It is kept in position by inserting um 
bilical tape at four points, to be held by 
assistants or anchored to the skin. A con 
tinuous circle of No. 4 chromic gut suture 
attach the rumen to the skin 


cised 


is used to 
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margin The stitches do not penetrate the 
mucous membrane of the rumen. After 
suturing, the fistula is completed by excis 
ing the circular portion of the wall of the 
rumen approximately %,% of an inch from 
the suture line (fig. 1 and 2), making a 
414-in. hole to accommodate the light 
weight plastic plug. Tape retention su- 
tures of a through-and-through (the ru 
men and body wall type are 
employed at 2- to 3-in. intervals, some 2 
in. from the margin of the fistula. These 
take most of the strain off the marginal 
sutures and insure a broad line of adhesion 
They are removed 


mattress 


to the abdominal wall 
after six to eight days 

A four-piece plastic, threaded plug as 
sembly with a transparent cover is inserted 
and screwed together loosely, and the fis 
tula is ready for use immediately (fig. 3 
No after-care is Antibiotics are 
used on the wound before sutur 
ing, and procaine penicillin is given intra 
muscularly 

In early trials, the rumen was sutured 
to the muscle and to the peritoneum, but 
no retention used. In the 
first 3 animals on which this operation was 


needed 


surface 


sutures were 


performed, only one line of sutures (ru 


men to skin) was used. However, in the 


Fig. 4—The open fistula 
16 days after surgery. 
Healing is complete. 


74 
4 4 
*, 
ay 
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third one, the sutures pulled out at the commissures are averted. There is no dis 
lower border, allowing seepage into the tortion of the rumen wall fig. 4) and less 
abdominal cavity with fatal results. Re- discomfort to the animal when inserting 
tention sutures have overcome that hazard. and removing the plug 

The exposed portion of the rumen wall 
should be removed immediately. When it 
was allowed to remain until healing had 
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Studies on Bovine Leptospirosis. III. Isolation of 
Leptospira Pomona from Surface Waters 


R. W. H, GILLESPIE, Ph.D.; S. G. KENZY, D.V.M., Ph.D.; 
LEIF M. RINGEN, Ph.D.; FRANK K. BRACKEN, D.V.M. 


Pullman, Washington 


ly to be conclusively established 
that certain leptospiral infections of man, 
such as Weil’s disease and swamp fever, 
are primarily water-borne. A recent inci 
dent in Alabama' clearly indicates that 
exposure to water contaminated with Lep 
lospira pomona may result in a high inei 
dence of infection in man. More recently, 
another was apparently 
while swimming in a contaminated pond 
It seems reasonable that epizootics in cat 
may be attributa 


person 


tle caused by this species 
ble, at least partially, to dissemination of 
the agent through water 

While studying epizooties of L 
infection in cattle, we have often sueceeded 
from 


in recovering the organism surface 
waters. The sources from which recoveries 
were made include three streams in widely 
separated natural drainage and 
from pools on four different ranches—two 
in corrals and three in pastures. Four of 
the pools were created by overflow 
stock tanks, the other by a leaking irriga 
tion hydrant. All sources were frequented 
by infected cattle, which were 
known to be shedding large numbers of 
leptospiras in the urine 

The from water samples was 
correlated in every instance with the pres 
ence of cattle exereting infectious urine 
This correlation established through 
demonstration of leptospiras by dark field 


basins 


from 


some of 


recovery 


Was 
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nhard and 


examination and by concurrent inoculation 
of the dark field-positive urines into labo 
ratory animals. Leptospira was 
subsequently pure culture 
from five of the specimens. The results of 
repeated serological tests on a herd basis 


provided conclusive evidence of coincident 


pomona 
recovered in 


epizootic conditions in these herds 


EXPERIMENTAL MeTHO! 


flasks o1 
sufficiently to 


Water samples were collected in sterile 


tubes after the water us agitated 
bring 


Holland 
hottom of 


some sediment to the surface This was 


because of the report of investigators in 


that the organisms reside on or near the 


pools and streams. In collecting water 
eddy vas selected 


retarded As 
either 


from streams, a small bay or 


where the flow was more or less 


soon transported 


to the 


us possible, samples were 

moculation or in 
field The 
half-grown 


laboratory for animal 


jected into animals in the animals 


were weanling to hamsters 
and guinea pigs, and 
weeks old. No attempt was 
The 


quantities considered to be as 


inoculated 
sometimes chickens, 2 to 6 
made to concentrate 
specimens water was injected intraperito 
large iis 
first 


neally in 
During the 
pigs 
bath 


the animals would tolerate 


phase of the study, additional guinea were 


exposed to large quantities of water by a 
ing’’ This 
of their abraded 


slowly 


technique.’ involved immersing areas 
skin it 


shaved and abdominal 


flowing water siphoned from the 


container. In this way, they were exposed ove 


i period of about two hours to approximat: 
mil. of ater 


combinations, 


following ethos ere 
to deteet or eontfirm infection 
animals a culturing 


fluid, b 


inoculated 
examination of peritonen! 
febrile reaetions, blood eult 
eal tests, (e) eulture of tissuc 

tion of Levaditi-stained kicdne 
of the 


stration of 


organism was first 


agglutinin 


organisms were finalls 


by agglutination test 
cifie antiserums The 
produced 


Pur pore were 


hits with known strain of L. pomona 
Strain 412 obtained oratorie 
Kiver, N.Y and strair yh from D Karl Re 
Rock Mountain Laabe lont 


lhe 
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STUDIES ON Bov 


RESULTS 


The organism was recovered from eight 
water samples, on five different dates, from 
eight separate and 3 
streams) on ranches in southeastern and 
central Washington. All provided drink 
ing water for, and were subject to contam 
ination by, herds in which infection was 
known to exist. The presence of infection 
in the herds was first indicated by official 
serodiagnostic tests performed by the Di 
vision of Dairy and Livestock, Washing 
ton State Department of Agriculture. In 
every instance, our own studies showed the 
infection to be currently present and ac 
tively spreading through the herds. These 
studies included the demonstration of lep 
tospiras, often in large numbers, in urine 
samples from the cattle and the isolation 
of L. from dark field-positive 
urines 

Area 1.—Seven guinea 
ployed in the examination of water sam 
ples collected from four sources on ranch 1] 
(table 1). Four were inoculated intraperi 


sources (5 pools 


pomona 


pigs were em 


toneally with 2.0-ml. quantities of different 
samples. Three others were exposed by the 


cutaneous route. (Samples 1 and 2 were 
combined for exposure of 1 animal by the 
latter method.) The tabulated data (table 
1) also include results obtained following 
blood passage from 4 of the guinea pigs 
in the first series to a second series of 4 
animals. 

Two hamsters, a young adult and a 
weanling, were also inoculated with each 
sample. The adults received 2.0 mil. of 
water intraperitoneally, the weanlings 1.0 
ml. All but 1 became strongly seropositive 


INE LEPTOSPIROSIS 


within six weeks after inoculation. The 
negative animal was the weanling that re 
ceived creek water 

Area 2.—This ranch, 60 
miles from the former, was owned by the 
same rancher. The disease existed and was 
being studied simultaneously on both 
farms. The two ranches carried a herd of 
about 200 breeding cattle and the animals 
were often transported between the two 
During late June and early July, 6 heifers 
and heifer calves in an experimental group 
of 30 animals in this area (area 2) were 
known to be excreting L. pomona in the 
urine. One continued to pass dark field 
positive urine for several weeks 


Girotips 
of infected cattle had to 


located about 


a small 
stream which passed through three pas 
tures. The rate of flow in this stream (also 
in the stream in area 1) was estimated at 
500 gal. per minute 

In September, samples of water 
collected from this stream, one each from 
the upper, middle, and lower pastures 
Weanling hamsters, young adult guinea 
pigs, and chicks, 10 to 14 days old, were 
inoculated immediately after collection of 
the sainples. The animals were segregated 
by species and blood tests were made at in 
tervals to detect serological developments 

Leptospira pomona was isolated from 
the blood of the guinea pig inoculated with 
water from the stream in the lower pas 
ture on the eighth day when its rectal tem 
perature had reached 105.0 F. Both the 
guinea pig and hamster inoculated with 
this sample developed high agglutination 
titers. The however, showed 
evidence of infeetion 


ACCOCSS 


were 


chicks, neo 


TABLE i—Recovery of Leptospira Pomona from Water Samples in Area 1 by Intraperitoneal 
Inoculation and by “Bathing” of Guinea Pigs 


Results 


original guinea pigs 


DF exam 
peritoneal 
fluid 


Method 
of in 
oculation 


Source 
of 


sample 


Temp.(F.) 
max 


106.0(8d)§ 
106.2(7d 


Intraperitoneal! 
Bathed 


Leaking 
hydrant 
pool (1) 

Stock tank 
pool (2) 

Stock tank 
pool (3) 

Creek in 
pasture 


Intraperitoneal 105.8(7d 
106.0(7da) 
106.0(7d) 
104.6(9d) 
103.8(9d) 


Intraperitoneal (i0d 
Bathed 
Intraperitoneal 


Bathed 


4-(10d) 


were inoculated 
febrile 


§ (—d) 
killed 


* The passage guinea pigs 
cuinea pigs when the latter were 
combined for exposure by “bathing.” 
results as recorded Animal probably 
reaction 


too 


intraperitoneally 
* Dark field examination 
time in days intervening between date of inoculation and 


it showed evidence of relapse with secondary 


Results 
passage cuinea pige* 
Titer 
(Srd 
wk.) 


DF 
peritoneal 
fluid 


Culture 
peritoneal 


fluid 


+ Titer exam 
(3rd 


wk.) 


Temp. (F.) 
max 


10 
10 


105.8(7d rv 
105.8(5d itd) 


10 
10 
1:100 1/100 


1:10 7d 1:10 
1:10 


Neg 


from 


origina 


with blood 


t Famples from 


specimens 
pools were 
& positive serologica 
on the fifteenth da 


to obtain 
104.2 


after inoculation 


rise of temperature to 


soon 
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Low titer reactions of questionable sig- 
nificance appeared in hamsters and guinea 
pigs inoculated with the other water sam- 
ples. Similar weak response 
2) uninoculated 
housed in the same cage with the inocu 
lated animals. This suggests that the 
doubtful reactions may have resulted from 
low-grade, infection contracted 
through exposure to the infected 
which had received pasture 


serological 


vuinea pigs 


CTOSS 
cage 
mates lower 
water 

Area 3.—On this ranch, 100 
miles or more from the other two, serologi 
cal evidence of infection was fully 
firmed by positive dark field findings in 
urine samples from 5 heifer calves and by 
recovery of L, from 
inoculation of laboratory 


located 


con 


subsequent 
these calves by 


pomonda 


animals 

Samples of water collected from a large 
stream in the pasture and from a slough 
created by overflow from watering tanks 
in the corral were inoculated into hamsters, 
guinea pigs, and chicks. The hamsters and 
guinea pigs were isolated individually in 
order to prevent cross infection 

Both hamsters were serologically posi 
tive about five weeks after inoculation, 
The 1 inoculated with slough Was 
strongly positive and, on necropsy, L 
isolated from kidney 
The hamster inoculated with river water 
showed a titer of 10 It died from an in 
and the tissues were not cultured 


water 


pomond was tissue. 


jury 

The guinea pig and chicken inoculated 
with the river water died and four 
weeks, respectively, after inoculation. Per 
itoneal fluid from the guinea pig gave a 
doubtful partial reaction at 10°. The tis 
were not cultured. The guinea pig 
and chick inoculated with slough water re 
mained serologically negative 

Area 4.—This is separated 
the others by 150 
The presence of the disease in the 


area from 


distances of miles or 
more 
herd was first suspected as the result of 
abortions. The diagnosis was made on the 


basis of positive serological tests and was 


confirmed by our studies. Leptospiras were 
numbers in 
had re 
hamsters 


demonstrated in appreciable 
the urine of 1 of 19 cows which 
cently aborted. Ten of the 19 
inoculated with urine samples from these 
cattle became seropositive for L. pomona 
within five weeks after inoculation. The 
urine of most of these cows contained ag 
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glutinins against L. pomona in relatively 
high titer. We have found that high titers 
correlate with severity of infection. 

Of several water samples collected, only 
one seemed likely to yield leptospiras. This 


TABLE 2-—-Summary of Recoveries of Leptospira 
Pomona from Surface Waters 


Final « 


for identification 


Rane! Reco riteria 


No Sources eries 


I Strean Serologically in animal 


Pools (3) Isolation, seroidentification 


Stream Isolation, seroidentification 


Stream Serologically in animal 


Pool Isolation, seroidentification 


4 Pool Demonstration in kidney.* 


Levaditi-stained sections of kidney om a hameter 
which died 


logically typical spirochetes vith chars 


ulation showed 


tie distribu 


nine days afte no morpho 


tion in the tissue 

sample was obtained from a pool into 
which intermittent overflow from the one 
watering tank collected. The other samples 
taken from and puddles of 
melted snow water more or distant 
from the area where the cattle tended to 
congregate. Because of a temporary short 


were pools 


less 


age of weanling hamsters, these samples 
were held for a week at 
before inoculation 

One of the 2 
the tank overflow 
after inoculation and 
tions of a kidney showed appreciable num 
bers of argentophilic structures, situated 
the tubules and 
organisms exhibited 
characteristics of 


room temperature 


with 
nine days 


inoculated 
water died 
Levaditi-stained see 


hamsters 


primarily in lumens of 
interstitially. These 
all the morphological 
leptospiras.’ The other hamster inoculated 
with this sample and those inoculated with 
the other water samples, were seronegative 
tested five 


weeks after 


when about weeks and again 


seven injection 


ps 
The 


ized 


results of the study are summat 


table 2 
Disc USSION 


Success in isolation of LL. pomona from 


water appeared to have been correlated 

with conditions favoring heavy contamina 

tion with urie from infected cattle 
Five strains pure 


ture and all were conclusively identified as 


were isolated in eul 
agglutination-lysis test 

Che 


recoy 


L. pomona by th 
using specific high titer antiserums 


identification of additional strains 


We have never naturall 
leptospirosis in 


Lakeview 


quired 


tained from 
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ered by animal inoculation, but not by cul 
ture, was established by demonstration in 
the serums of the infected hamsters or 
guinea pigs of agglutinins against a known 
strain of L. pomona or, in one instance, by 
demonstration of morphologically typical 
spirochetes in the kidney of the inoculated 
hamster. 

That the infection was rapidly spread 
ing through the herd on the first ranch 
area 1) was indicated (1) by a series of 
official (state laboratory) serological tests 
made at four- to seven-week intervals 
throughout the summer which showed a 20 
to 30 per cent inerease in the number 
which were positive on each successive 
blood test and (2) by the prevalence of 
individual animals excreting relatively 
large numbers of leptospiras in the urine 
as confirmed by dark field examination of 
the field. Two field trips were 
and 22 days after collection of 
On the first trip, urine 
‘*reactor’”’ 


urines in 
made 13 
the water samples 
samples were collected from 17 
heifers, segregated on the basis of a herd 
test made about six weeks previously, and 
10 were positive on dark field examination. 
On the seeond trip, 
collected from 14 of the group of animals 
that were negative to the blood test 
and, on dark field examination, six were 
positive and two were questionable. About 
26 per cent of the latter group became 
serologically positive during this interval 
Some of the cattle were eliminating the 
organisms in large numbers, estimated as 
up to millions per milliliter of urine. One 
animal, a heifer about 4 months old, in the 
latter group showed enormous numbers of 


urine samples were 


last 


leptospiras, perhaps 100 million per milli 


liter of urine, on 
examinations. The 
than are ordinarily 
under favorable conditions 

All water samples were thoroughly ex 
amined by dark field. Concentration by 
centrifugation was not attempted because 
of finely divided materials One 
morphologically typical Leptospira was 
found in the pool at the base of one stock 
and, two weeks later, lep 
seen in water from another 
similar pool in the barnyard. This pool 
have served as the source of infection 


three successive daily 
numbers vreater 


obtained in 


W ere 
cultures 


present 


tank (sample 2 


tospiras were 
may 
for chickens and other animals, since sev 
eral horses and swine and 1 sheep on the 
ranch were shown to be serologically posi 
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One of the horses was known to have 
during the period when 


tive 
become positive 
the disease was epizootic among the cattle 
Blood samples from 12 chickens, about 
3 months old, were tested for agglutinins 
against L after the on 
ganism was observed in the overflow water 
which served as their water supply. Four 
of the 12 birds were positive, 1 with a titer 
of 10°° and 3 with 10 About one month 
later, blood tests on another group of older 
which had confined away 
from the barnyard water a short time be 
fore, were negative except for a few equi 
the lower dilutions 
experience experimental 


pomona short ly 


chickens, been 


ocal reactions in 

Subsequent 
infection of chickens suggests that the sus 
ceptibility of the chick is transient, being 
relatively high for only the first few days 
of life 
taminated after most of the chicks had be 
come sufficiently mature to resist infection 


The water may have become con 


Conditions in area 3 appear to have been 
less favorable for recovery of the organism 
from water. Although most of the group 
of 40 heifers examined were serologically 
positive, only 5 were excreting leptospiras 
On this ranch, the size of the stream (the 
Walla Walla River near its confluence with 
the Snake) and the rate of flow of water 
at the point where the sample was collected 
of the the 
However. the 
number of 


Oorgaliism more 
this 
source of water large 
cattle on this ranch and the possibility of 
pollution by herds 
not be excluded 


made recovery 


surprising was only 


for a 
infected upstream can 
In area 4, conditions also appeared un 
The cattle had 
bacterin sey 
treated 


favorable been vaccinated 
with a L. pomona 
before, and had 
tomycin two days before, we 


Such treatment, especially 


eral weeks 
with 
visited the 
ranch the lat 
ter, might be expected to reduce the shed 
Furthermore 
on a window sill 


been strep 


ding of leptospiras the water 


samples were held for a 
week at temperatures fluctuating between 
10 to 18 C. before 
sters. In spite of this, a pathogenic Lepto 


inoculation into ham 


spira, presumably L pomona, Was detected 
in one sample 

Other 
uted to success in recovering the organism 


factors, which probably contrib 


t According to | 
tained at a station 
the point sampled 


aged 252,100 gal. pe 


‘ sur 
‘ ated or mile t 
the fle on the da ‘ ‘ ' 
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were that the surface waters in this region 
the Columbia Plateau) are regularly alka 
line, favoring their survival and, with one 
exception, they were recovered during the 
when the dilu 
tion of urine in streams would be minimal 


dry season (July—October 


A series of attempts to again recover the 
organism from the streams in areas 1 and 
2, beginning three weeks after collection of 
the original (positive) samples and extend 
ing over periods of two and four months, 
This fail 
ure may have been partially due to (1 
changes in herd management directed to 
ward reduction of exposure to contami 
nated water, or (2) subsidence of the epi 
zootic, or to both 

No cattle had 
the stream passing through area 1 for 
about ten days prior to the first 
pling, yet the organism was still present 
Also the evidence suggests that the peak 
of the epizootic had passed before the 
stream in area 2 was first sampled. This 
may indicate that L. pomona does not per 
sist, at least in sufficient to be 
easily detected, for more than a few weeks 
in rapidly flowing streams which are not 
subject to continual, heavy contamination 

Unfortunately, no attempt was made to 
determine the length of time that the or 
ganisms will survive in naturally infected 
when under different condi 


respectively, was unsuccessful 


been pastured along 


sam 


numbers 


water stored 
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RINGEN 
tions. However, field observations suggest 
that the surface 
water for at least ten days. This was sub 
stantiated when creek water was artificially 
with urine 


organism may persist in 


contaminated from a sheddet 
animal and it showed actively motile lepto 
spiras on dark field examination 15 days 
later 

SUMMARY 


Kive strains oft Leptospira pomona were 
from surface 
with cattle with leptospirosis in four areas 
The sources included: confluent pools sur 
leaking irrigation hydrant, 
pools or sloughs (3 flowing and 1 stag 
nant) created by overflow from stock tanks, 
and natural swift-flowing streams (3 


recovered waters associated 


rounding a 
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Keys to the Identification and Differentiation of the Immature 
Parasitic Stages of Gastrointestinal Nematodes of Cattle 


FRANK W. DOUVRES, M.S. 


Auburn, 


DIKMANS 
cies occur in the alimentary tract of cattle 
in the United States 

However, recent reports and surveys by 
Baker,* Koutz,” Cooperrider,” Cooperrider 
Threlkeld Bell,” Bailey and Herlich, 
and Thorson,” Andrews et al. Vegors et al.,” 
Kates’ that the 
most commonly found in the gastrointestinal tract 
of cattle this 
country 


reported that 2 nematode spe 


Porter, 
al 


Salley 


et 
and 
and 
nematodes 


Dikmans and indicate 


in various representative 


regions in 
Three of 
abomasum 
spp.;* 
ostertada: 


them 
the 
the 
and 
the small hair worm, Trichostrongylus arei. Seven 
of the eight located 
the small the worms or 
cooperids, Coope ria punctata, Cooperia pectinata, 
the 


number only species 


the 
Haemonchus 


are normally loeated in 


twisted stomach worm, 


medium stomach worm, Ostertagia 


remaining are normally in 


intestine: small intestinal 


small hair 
colubriformis; the 
the thread- necked 
Nematodirus helwetianus; and the hookworm, 
Although the adults 
of the eleventh species, the nodular worm, Oesoph 
the 


ind Cooperia oncophora; worm, 


Trichostrongylus threadworm, 


Strongyloides papillosus ; stron 


gyle, 


Bunostomum phlebotomum 


agostomum radiatum, oeceur in cecum, large 


of this 
intestine, 


immature 
the 


and eolon, stages spe 
be 
the 


Investigations reported by 


intestine, 


cles may found in small espe 


cially in ileum 
Maldo 


Monnig, 


Andrews and 
Douvres,”” Herlich, 
and Threlkeld 
life histories and of the 
of all of these 
place ( 


nado, Basir,” 


Sprent,” Stewart, * have provided 
deseriptions of the imma 
x 


ture parasitic stages 


species, ¢ 
pectinata, and 
of 
the 
nematodes 


affected by 


Haemonchus 
Although the life history 
the rabbit, 
developing 


cept 


S. papil 


oncophora 
determined specifie 
of the 
not appreciably 


host 


losua was in 
un 


the 


characteristics 
doubtedly 
identity of 
Recent studies by Bailey and Herlich, 
et al.,’ that 
heavy loads of immature stages along with 


ire 


the 


Vegors and others reveal 


adult worms are encountered in the bovine 


gastrointestinal tract at necropsy Al 
Ri 


8.D_A ubur 


the arch abora 


Agri 


ultura (esearch vir 


From 
tory 
Als 
Roberts ef and Bremner * 
differs m 
Haemor 
constituting a distinet 
Haremonchus 


in shee 


Recent lence b al 


has shown that Haemonchus from attle orpho 


hus found in 
Rob 
the 


ogically and tologically from th 


sheep, consequently 
al.” have 
name for the spe 

ed the name 


species rring in 


specie 
contortua 
p 
place Place 


tained 


erts 
have pro 


129 fe 


ies occurring and 


Haemonchus 
attle 


Alabama 


though the identification of these immature 
stages is of practical importance, it usually 
has not been carried out, partly because of 
a lack of sufficient information concerning 
their structure and partly because keys for 
their differentiation have not been availa 
ble. Four keys, which are considered to be 
of value for this purpose, are presented in 
the They specifically pro 
vide of the third-stage 
larvae of eight and the fourth 
stage larvae of nine of the 11 species, 
cording to the most common location of the 
larvae in the for the 
third- and fourth-stage larvae in the abo 
masum and one key for the third- and 
fourth-stage larvae in the small intestine 
As third-stage hookworm are lo 
cated in the lungs, a description of this 


present 
for identification 


paper 


species 
ac 
each 


host: one key 


larvae 
stage is omitted. These keys do not pro 
vide for the identification of the immature 
fifth-stage in 
this stage to 
those of the mature be 
identified from the descriptions 
given by Ransom,*® and others. Due to the 
lack of a deseription of the life history of 
H. placei, the characteristics of the imma 
ture parasitic stages used in the keys for 
this on made for 
H. contortus in sheep Since Stewart's 
description of immature C 
cattle is essentially like Andrews’? deserip 
tion of Cooperia curtice: from sheep, it 
that the characteris 
tics used in the present keys to distinguish 
CG from the other 
habiting the intestine may also well serve 
to identify C 
at least as to genus 
Except 
urement 
tirely on diagnostic anatomical characters 


worms because 


have 


Specimens 
characteristics similar 


adults and can 


species 


species are based those 


punctata trom 


Is 
possible anatomical 


punctala parasites in 


pectinata and ( oncophora, 


in one instance, where a meas 


is used, the keys are based en 


Only those characters which can be easily 
the of the 
anterior and posterior ends, are used. The 
of In con 
structing the keys, partly because the ma 
of the 


discerned, primarily anatomy 


use measurements was avoided 


jor body measurements immature 
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stages of the various species are in many 
cases closely similar, or overlapping, and 
partly to make the keys as time-saving and 
efficient as possible. The descriptive terms 
used in the keys are either taken from the 
published life history descriptions or were 
originated by the present writer. The keys 
and drawings (plate 1) are largely based 
on the appearance of the larvae in median 
optical section, 

Only those characters used in the keys 
are illustrated in the figures given in plate 
1. The writer'* reported that the struc 
ture of the anterior ends and the location 
and appearance of the excretory pore of 
the third- and fourth-stage larvae of T. 
and colubriformis were identical ; 
therefore, figures 1, 3, and 3A apply to 
both species. He'* also observed that the 
tail ends of the third- and fourth-stage 
larvae of 7’. arei and of early fourth-stage 
larvae of 7. colubriformis were identical; 
hence figure 2 applies to the aforemen- 
tioned stages of both species. Basir’ re- 
ported that there was no difference in the 
appearance of the anterior ends of the 
third- and fourth-stage larvae of S. papil- 
losus; therefore, figure 21 applies to both 
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stages of this species. Herlich,’” who de 
seribed the life cycle of NV. helvetianus, did 
not illustrate the anterior end of the para 
sitic third-stage larva; therefore, the an 
terior end of the infective third-stage larva 
(fig. 22) is used in the key. The figures 
are either enlarged copies from the pub 
lished descriptions or original drawings by 
the author. The scale accompanying each 
figure in plate 1 is either original, copied 
from the published illustration, or derived 
from the measurements given in the pub 
lished descriptions 


Keys for the Identification of Nematode Larvae 


Key To THIRD-STAGE NEMATODES IN THI 


ABROMASUM 


] Suceal cavity negligible in size or not discern 


ible; esophagus anteriorly truneated; exeretory 


pore may be located in a conspicuous depression ; 


tail with bluntly rounded end and may be bent 


ventrad (fig. 1 and 2 T. axe 


Buceal eavity 5 to 7 uw long and easily discernible; 
in other features differs from above 4 
2) Bueeal eavity tubular with conical base and 
surrounded by 


latter are 2 laterally 


partially esophagus; projecting 


anteriorly from situated 


processes; tail daectylate (fig. 4 and 7 


oaterar 


Legends for Figures in Plate 1—All Figures Are Lateral Views 


Fig. 1—Anterior region of a parasitic third-stage 
larva of Trichostrongylus axei (original). 
Fig. 2—Posterior end of a parasitic third-stage 
larva of T. axei (original). 

. Anterior region of a fourth-stage larva of 
T. axei (original). 

. 3A—Anterior end of a fourth-stage larva of 
T. axei (original). 

. 4—Anterior end of the parasitic third-stage 

larva of Ostertagia ostertagi (original). 

. 5—Anterior end of the fourth-stage larva of 

0. ostertagi (original). 

Fig. 6—Anterior end of the parasitic third-stage 
larva of Haemonchus contortus (after Veglia, 
1915). 

Fig. 7—Posterior end of the parasitic third-stage 
larva of O. ostertagi (original). 

Fig. 8—Posterior end of the parasitic third-stage 
larva of H. contortus (after Veglia, 1915). 
Fig. 9—Posterior end of the fourth-stage larva of 

O. ostertagi (original). 
10—Posterior end of the fourth-stage larva 
of H. contortus (after Veglia, 1915). 

Fig. 11—Anterior end of the fourth-stage larva of 
H. contortus (original). 
Fig. 12—Posterior end of the parasitic third-stage 
larva of Trichostrongylus colubriformis (original). 
Fig. 13—Posterior end of the larva of the fourth 
molt of T. colubriformis (original). 
Fig. 14—Anterior end of the parasitic third-stage 
larva of Oesophagostomum radiatum (after An- 
drews and Maldonado, 1941). 


Fig. 


Fig. 15—Anterior end of the fourth-stage larva of 
Oe. radiatum (after Andrews and Maldonado, 
1941). 

Fig. 16—Posterior end of the fourth-stage larva 
of Oe. radiatum (after Andrews and Maldonado, 
1941). 

Fig. 17—Posterior end of the third-stage larva of 
Cooperia punctata (after Stewart, 1954). 
Fig. 18—Anterior end of the third-stage larva of 

C. punctata (after Stewart, 1954). 
19—Anterior end of the fourth-stage larva 
of C. punctata (original). 
Fig. 20—Anterior end of the fourth-stage larva 
of Nematodirus helvetianus (after Herlich, 1954) 
Fig. 21—Anterior end of the third-stage larva of 
Strongyloides papillosus (after Basir, 1950). 
Fig. 22—Anterior end of the infective third-stage 
larva of N. helvetianus (after Herlich, 1954). 
Fig. 23—Anterior end of the fourth-stage larva of 
Bunostomum phlebotomum (after Sprent, 1946). 
Fig. 24—Posterior end of the third-stage larva of 
S. papillosus (after Basir, 1950). 

Fig. 25—Posterior end of the larva of the fourth 
molt of S. papillosus (after Basir, 1950). 
Fig. 26—Posterior end of the third-stage larva of 
N. helvetianus (after Herlich, 1954). 

Fig. 27—Posterior end of the fourth-stage larva of 
N. helvetianus (after Herlich, 1954). 

Fig. 28—Posterior end of the fourth-stage larva 
of B. phlebotomum (after Sprent, 1946). 
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surrounded by 
surrounded by 2 
like a 
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suceal cavity tubular and not 


walls granular 
latter 
present on 


tail 


esophagus, its 


masses, each of shaped pincer; pro 


anterior end 
(fig 6 
spp 


tuberanee dorsal 


esophagus ; end blunt rounded 


Haemonchus 


FoUuRTH- STAGE NEMATODE 


ABOMASUM 


KEY 
located noteh 


isomeric 


couspicuous 
irs as a biseeted 
stubby J 
rounded fig 


1) Exeretory pore 


buceal capsule wall semi 


; shaped 


body or is 
structures; tail end 
tA, and 2) 7 


notch; 


lunar 
bluntl 
not located in con 
differs 
suceal capsule conical, 
rodlike or toothlike 

thin completely 
gus; diagonal striations present in 
portion of tail 
(fig. 5 and 9 0 

Buceal appearance, 

anterior end of 
ittenuated 


Haemonehus 


Kxeretory pore picuous 


in other features from above 


appears anteriorly as 


structures, posterior! is 


lines surrounded by the esopha 


heavy anterior 


esophagus ; end smoothly rounded 


ostertagi 
capsule globular in relatively 


thick-walled ; 
tail 


and ‘ sopha 


rounded 


not as above and 


and 11 


gus 
(fig. 10 


THIKD-STAGE NEMATODE 


SMALL INTESTINI 


KEY 


anteriorly tapered conspicuous 


vacuolated areas laterally 


of esophagus 


Oe, radiatum 


ovoid or pear shaped 


flank buecal eavity and anterior end 


(fig. 14 


Ksophagus anteriorly truncated no such strue 


tures as above at anterior end 
Tail 
end 

s) Tail 
dorsad’’ 


Pail 


‘ 


process ; 


terminates in single 


than 


terminates in more one process 4 


attenuated 
(fig. 17 
dorsal 


ind ‘characteristically bent 
and 18 ( 


bet 


punctata 
Veen which 


beyond the 


has a and ventral lobe 


rod-shaped process extending 


helvetianus 


posterior margin of the 


terminate in 2 i of unequal 
(fig. 1 and 12 
end trifid, appearing prongs (fig. 21 
4 S. papillosus 


end 
lengths 
Pail 


colubriformis 
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SMALL INTESTINI 


cuticular inflation 


l With a 
Without a 


cephalic 
euticular inflation 


dilated 


striations in 


cephatie 


Esophagus anteriorly ind rounded 
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(fig 
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verse 
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nounced 


tuccal capsule, small, app tubular and un 


tail pikelike, in the form Pa finely 


ind 
\ 


irmed end 


itftenuated terminal spine (fi 
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or cup-shaped, 
tail end blunt, 


md 16 Oe 


suceal capsule, large, 


tooth at its 


ippeaurs egg 


and armed with a base 
not spinelike (fig LS 


4) Bueeal capsule cup-shaped, 


radiation 


ind armed with 4 


cuticular lancets at its base; tail terminates in a 
(fig. 25 
sSuccal capsule not cup 
than a 


located 


point and 28 B. phlebotomum 


shaped or armed; tail ter 
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5 Exeretory 
tail bluntls 
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Effect of Antibiotics on Vibrio Fetus and Bovine Spermatozoa 
L. R. DiLIELLO, M.S.; L. J. POELMA, D.V.M.; J. E. FABER, Ph.D. 


College Park, Maryland 


Viskiosis in cattle occurs in many parts of 
the world, Infected bulls serve as spread- 
ers of the disease during coitus and by arti 
ficial insemination. A major problem which 
confronts operators of artificial breeding 
centers is to prevent the passage of Vibrio 
fetus to healthy cows via diluted semen 
Use of antibiotic agents for the destruction 
of V. fetus is of primary concern, since this 
may lead to a greater number of pregnan 
per service and, consequently, help 
control vibriosis. The work presented in 
this paper represents separate in vitro 
studies on the effect of several antibiotics, 
felus 


singly and in combination, against V 
and bovine spermatozoa 

Terpstra and Kisma'' reported V. fetus 
as one of the causes of lowered fertility, 
enzootische steriliteit, in bulls and that in 
fection may be transmitted from male to 
female at coitus or by the practice of arti 
ficial insemination. Frank and Bryner 
reported consistent isolations of V. fetus 


from herds with a breeding history of ven 
ereal infection 
Antibioties have 


been 
in diluted semen for the 
trolling bacterial growth and the spread 
of V. fetus. Adler and Rasbech'! diluted 
semen with a sulfanilamide-egg yolk dilu 
ent containing streptomycin, Almquist ef 
al found that 1,000 pg. of streptomycin 
per milliliter did not significantly affect 
the viability of bull spermatozoa. Bolton 
et al.® showed that dihydrostreptomyein in 
concentrations of 2,000 and 1,000 yg. per 
milliliter of diluted semen was satisfactory 
for artificial insemination. Foote and Brat 
ton ° reported that 2,000 pg. of polymyxins 
B, D, and E or 100 yg. of aureomycin ® 
could be added per milliliter of diluent 
without spermicidal effects. Stalleup and 
McCartney ** found that 200 yg. of ter 
ramycin® per milliliter was not toxie to 
spermatozoa 
Plastridge and 


used extensively 


purpose of con 


Kasterbrooks reported 


From the Livestock Sanitary Service (DiLiello and 


Poelma) and the Department of Bacteriology (Faber) 
University of Maryland, College Park. 

of a submitted to the 
as partial fulfillment of the 
degree in bacteriology at the 


Park 


Condensation thesis graduate 
for the 


Mary 


achool 
M.8 
land, College 


requirements 


University of 


that 2,000 pg. of streptomycin per milliliter 
of diluent was required to destroy V fetus 
when the diluent was stored at 5 C. Orthey 
and Gilman '® stated that of three antibac 
terial agents, penicillin, sulfanilamide, and 
streptomycin, only the latter appeared to 
possess bactericidal activity against V. fetus 
in yolk-citrate diluent. McEntee ® reported 
that the best and to control 
vibriosis is to breed artificially with non 
infected semen or semen to which 500 units 
of penicillin, 500 pg. of streptomyein, and 
3 mg. of sulfanilamide have added 
per milliliter of diluted semen 


easiest way 


been 


MATERIALS AND 


Antibioties used were dihydrostreptomycin sulfate 
Merck sulfate sulfate 
Upjohn 


neomycin mycifradin 


sulfate penieillir 
( Merek 


(Pfizer 

, streptomycin sulfate 

Pfizer 
Dilutions of anti 

distilled 

specifi 


polymyxin B 
( Merek 
hydrochloride 
rle 
prepared with 
with 


G sodium 
terramyvein aureo 
mvyein hydrochloricde 


bioties were sterile glass 


necorda nes manufacturers’ 
Antibiotic 


and 


ater in 


entions levels chosen were 2,000, 1,000 


900, 250, 125 wg. (units for penicillin) per 


milliliter of diluent, Storage temperature for all 


tests was 5C, Exposure intervals were placed at 
two, four, and eight hours and one, two, three, and 
four days. 

Two separate experiments were condueted, One 
dealt with the effeet of the 
singly and in combination, on bovine spermatozon 
milk; the other dealt with the effect of 
the antibioties and their combinations on V. fetus 
skim milk Antibioties 


iccordanece 


solely antibioties, 


in skim 
were combined in 


mixtures 


with a scheme proposed by Gunnisor 
and Jawetz.’ 
Skim milk 


minutes 


10-Ib 


amounts was 


(autoclaved at pressure for 10) 


in Db ml used as the semen 
diluent. After milk 
was adjusted to 6.8 to 6.9 with Na-HPO, (0.5 M 

buffer. Artificial 
Breeder ’s Marviand, 


spermatozoa 


sterilization, the pH of the 


Semen was obtained from the 


Cooperative, University of 


College Park, The number of was «le 
termined by the 
by Coffin’ Average 


millimeter for 21 


hemacytometer method deseribed 


number of spermatozoa per 


ecubie ejaculates was 1,030,000 


with a range of variation from 670,000 to 1,500,000 


Semen was diluted 1:25 and 1:50 in antibiotic 


mixtures which immersed in a water 


diluent 
bath at 
placed at oc 


were 


The water bath with tubes was ther 


Cooling of tubes was gradual so as 


to avoid ** temperature shock Diluted semen 


without antibioties served « eontrols and 
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handled with 


the experiment 


identically respect to conditions of 


After the desired exposure interval, diluted se 


men was examined for rate, type, and degree of 


motility under the microscope (Xx 250) at 37C 


\ drop of the sample was placed on a preheated 
slide with coverslip and placed in the 37-C. ineu 


bator for 10 minutes. Ten microscopic fields were 


examined and the degree or intensity of motility 
was estimated and expressed in terms of percent 
age of motile readings 
based on intervals of 10. For each antibiotic or 


three 


sperm. Pereentage were 


combination of antibioties, separate trials 


each trial prepared in duplicate) were run and 
the motility ratings from each trial were averaged 
The mean motility rating and the average esti 
mated rate of motility 
luted 


tively 


for samples of freshly di 
were 
latter 


where 4.0 was considered the 


semen 67.0 and 3.1 per cent, 


The 


irbitrary 


respec 


figure was obtained using an 
maxi 
mum rate 

Three strains of V. fetus were used; two were 
isolated at the outset of the experiment and one 
Hansen of this labo 
fluid 


stored at 


vas procured from Dr. P. A. 
Stock 
thioglycollate 


maintained in 
(Hansen et al. 


ratory. cultures were 
medium 
room temperature, 
The inoculum for antibiotie-diluent mixtures was 
fluid 


four 


grown in thioglycollate medium. Following 


incubation, cultures were 
minutes. The 
(O0,85% 


Two additional washings were 


three to days of 
1,500 rpm. for 20 


with sterile saline 


centrifuged at 
cell crop was washed 
and recentrifuged. 
After the final washing, the density of the 
suspensions was adjusted to No. 5 of the MeFar 
The amount of 


made, 


inoculum for 


nd nephelometer 


Fig. 1—Effect of 1,000 and 

500 wg. of dihydrostrepto 

mycin per milliliter on di 
luted bovine semen. 


ENT 
TILE SPERMATOZO 


PER C 


c 


M 


ANTIBIOTICS ON Visprio 


tubes containing | fetus antibiotie-diluent mix 


tures was 0.2 ml. These tubes were handled in the 
same manner as tubes containing semen-antibiotie 
diluent mixtures, 

A simple washing procedure was used to remove 
with the 
fetus-antibiotie-dilu 


the organisms from contact antibiotic 
Approximately 0.1 ml, of J 
added to 5.0 ml, of sterile saline 
an angle centrifuge 
The super 


disearded 


ent mixture was 
The tube was centrifuged in 
(Servall 


natant was 


for 15 minutes at 3,500 r.p.m 
withdrawn aseptically and 
Five milliliters of saline was added and the sedi 


ment was resuspended and recentrifuged, The 


again 


sediment was 


discarded 
fluid 
incubated at 


withdrawn and 
2.0 mil, of 


supernatant was 
and to the 
thioglycollate 
17 for 


for growth 


medium, Tubes were 


14 days and observed at daily intervals 
Doubtful tubes were examined micro 
scopiceally and later subcultured to fresh thiogly 
collate medium 

Control tubes containing no antibiotic were han 
died in the 


skim milk mixtures 


same manner as | fetus antibioti 


RESULTS AND Discussion 


Dihydrostreptomyein Different levels 
of dihydrostreptomycin were added to di 
luted observe the effect of the 
antibiotic on spermatozoan motility. The 
addition of 2,000 ye. of dihydrostrepto 
mycin per milliliter of diluted semen was 
Following four hours of stor 
age, a marked the number of 
dead spermatozoa was observed. Forward 


semen to 


spermicidal 


Inerease in 


(500 ug) 


(CONTROL) 


(1000 


3A 72 


DURATION OF STORAGE ( Hours) 


87 
| 
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1) 
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motion was retarded and motility was 
vibratory and oscillatory. At the 1,000 
py. level, dihydrostreptomycin was not as 
toxic as the 2,000-pg. level. After one-day 
the sperm exhibited undulating 
with slow progression. An ap 
preciable reduction in motility was noted 
following two days of storage. The motil 
ity was reduced approximately 25 per cent 
between one and four days (fig. 1] 


storage, 


movement 


How 
ever, during the same period, at the 500 
pe. level, motility was reduced only 10 per 
cent. The majority of spermatozoa showed 
forward motion following three 
days of storage. This level of dihydrostrep 
tomycin appeared to be the most suitable 
level used 

The antibiotic effective 
fetus. Organisms could not be 
from V. fetus-skim milk mixtures contain 
ing 900 pe. of dihydrostreptomycin per 
milliliter after two hours of exposure 

Streptomyecin.— Addition of 2,000 pg. of 
streptomycin per milliliter of diluted se 
men reduced the motility of spermatozoa 
appreciably following eight hours and one 
day of storage. Forward motion was slowed 
considerably. At the 1,000-pg. level, how 
ever, motility was not markedly affected 
up to one day of storage but, following 
two days, a significant reduction in mo 
tility was noticed and spermatozoa exhib 


vigorous 


against V 


recovered 


Was 


POELMA 
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ited undulating motion with slow forward 
progress. 
Streptomycin at 
found satisfactory 
two days of storage 
sulted in a 10 to 15 per cent drop in motil 
ity and a decrease in the rate of forward 
movement (fig. 2 Higher motility ratings 
obtained diluted was 
treated with 250 yg. of streptomycin per 
milliliter. At this level, for the entire four 


the 500-yg. level 


in diluted semen up to 


Was 


Longer storage re 


were when semen 


day storage period, motility was better in 


all respects when compared to controls con 
taining no antibiotic 

Vibrios could not be recovered from V 
fetus-skim milk mixtures containing 500 
wg. of streptomycin per milliliter after 
eight hours of exposure. At the 250-pg 
level, however, V 
four days of storage 
fetus was not destroyed by 
at the 250-pg. level, the most suitable level 


fetus was recovered after 
Considering that V 
streptomycin 


of streptomycin for use in diluted semen 
was 500 pg. per milliliter. However, semen 
treated in this manner could not 
more than two days without spermicidal 
effects. 
Neomyeim 


be stored 


Neomyein at different levels 
was added to diluted In general, 
the antibiotic appeared to be relatively 
nontoxic to A decrease in 
sperm motility was observed at the 2,000 


semen 


spermatozoa 


Fig. 2—Effect of 500 and 
250 ug. of streptomycin per 
on diluted bovine 
semen. 


milliliter 
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pez. level following one to two days of stor 
age. However, at the 1,000-yg. level, 
toxicity was not as marked. A slight re- 
duction in the number of motile sperm did 
occur after two and three days of storage, 
with motility ratings being 
lower than in controls. 

Neomycin at the 500-yg. level was not 
spermicidal (fig. 3). Following three days 
of storage, motility was rapid and progres 
sive and only a 15 per cent drop in motile 
sperm was observed. 
tween motility ratings of treated samples 
and controls is evident from the figure 

Addition of 500 yg. of neomycin per 
milliliter of skim milk was relatively ef 
fective against V. fetus. Organisms could 
not be recovered from the diluent follow 
ing eight hours of storage, with the excep 
tion of one strain which was consistently 
recovered following one-day exposure. Ne 
omycin at the 1,000-ug. level may be used 
in diluted semen: however, semen treated 
should not be more than 
two to three days. 

This level proved to be very effective 
against V. fetus in skim milk, since vibrios 
could not be recovered after two hours of 


consistently 


Close correlation be 


as such stored 


exposure 60 the antibiotic 


Penicillin.—Penicillin is widely used in 
semen diluents, usually in combination 
with other antibiotic agents, Most work 


Fig. 3—Effect of 1,000 and 

500 wg. of neomycin per 

milliliter on diluted bovine 
semen. 


ers agree that pemeillin in a concentration 
of 500 units per milliliter of diluent ts sat 
isfactory with toxicity 
According to results obtained in this ex 
periment, penicillin at the 500-unit level 
in skim milk-diluted toxic 
to spermatozoa, and, apparently, at this 
level, the reduction of the percentage of 
motile sperm was much less than that which 
occurred in controls or in samples treated 
with 1,000 units of the antibiotic (fig. 4 

At the level, following two and 
three motility ratings 
were lower than During early 
periods of storage, no immediate toxic ef 
the two levels men 


respect to semen 


semen was not 


higher 
days of 


"noe 
storage, 


in controls 


fects were observed at 
tioned in the figure 
Penicillin in a concentration of 500 
units per milliliter was relatively effective 
against V. fetus. Vibrios could not 
covered from the diluent after eight hours 
with the exception of 
strain which was inactivated only after 
one day of storage. These results were 
unexpected, since penicillin is known to 
require active cell division to exert its 
bactericidal action. However, at refriger 
ator temperature, active cell division does 
not occur. The possible explanation offered 
is that the antibiotic probably exerted its 
greatest action against V. fetus during the 


cooling process of the samples 


of exposure one 


50C ug) 
ONTROL 


ug 


48 
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Polymyscin B. 
be the least spermicidal antibiotic agent 
used in this study. At high levels, the anti 
was not toxic to spermatozoa. A 
moderate reduction in motility 
served at the 2,000-pg. level following two 
days of storage; however, 
resulted in a marked 
percentage of motility 

Polymyxin at the 1,000-~g. level appears 
to be the maximum concentration of the 
antibiotic which may be added to diluted 
semen without spermicidal effects (fig. 5 
After three days of storage, the sperma 
tozoa appeared rapid and progressive and 
the number of motile sperm approximated 
0 per Motility ratings of controls 
and of samples treated with 1,000 pg. of 
polymyxin per milliliter were closely cor 
related 

Polymyxin at the 2,000- 
effective against V 


Polymyxin was found to 


biotic 
was ob 


additional stor 


age decrease in the 


cent 


1,000-pg 
levels fetus 
The organisms apparently resisted the ae 
tion of the antibiotic in skim milk for up 
to four days of storage. 

Aureomyecin and Terramycin,—These an 
tibiotics were used singly and were found 
toxic to spermatozoa at low levels (250 and 
125 pye./ml.), although aureomycin (ehlor 
tetracycline) was less toxie than terramy 
cin’ (oxytetracycline 

Both antibiotics were ineffective against 

fetus in skim milk. Vibrios were recov 


and 
was not 


POELMA 
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ered from the diluent containing 250 and 
125 pg. each of aureomycin and terramycin 
following four days of storage. Conditions 
of this experiment were not conducive to 
the stability of aureomyein, since this anti 
biotic is known to be most active and stable 
in acid pH ranges 
According to the 
reomycin and terramycin are unsatisfac 
tory as antibacterial agents for use in 
skim milk-diluted semen. However, Stall- 
cup and MeCartney Foote and 
Bratton ® found that 200 pg. of terramys 
cin or 100 yg. of aureomyein per milli 
liter, respectively, could be used in egg 
yolk-diluted semen without spermicidal ef 
fects. The disagreement in results may be 
due to the type of diluent used. It must 
be borne in mind that the proper choice 
of antibiotic and the suitable level 
for use in diluted will rest pri 
marily on the type of semen diluent used 
In most instances, an apparent improve 
ment in motility ratings was obtained dur 
ing later periods of storage in samples 
treated with optimum levels of the rela 
tively nontoxic antibiotics as compared to 
controls containing no antibiotics. This 
was probably due to the action of the anti 
biotic on bacteria which were capable of 
interfering with sperm motility. 
Antibiotic Penicillin in 
per milli 


results obtained, au 


and 


most 
semen 


Combinations 


a concentration of 500) units 


Fig. 4—Effect of 1,000 and 
500 units of penicillin per 
on diluted bovine 
semen. 
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Fig. 5—Effect of 2,000 and 

1,000 wg. of polymyxin per 

milliliter on diluted bovine 
semen. 


Errect or ANTIBIOTICS ON Visprio Fetus 


(2000 49, 


liter was combined with optimum levels 


of streptomycin, dihydrostreptomycin, and 


hneomyenn (250 500 and 500 pe., 
respectively). None of these combinations 
were toxic to spermatozoa in the concen- 
trations employed. The combinations did 
appear to exert a more pronounced effect 
fetus than any of these antibi 
Organ 


against V 
otics acting alone at similar levels 
isms could not be recovered from the dilu 
ent following two hours of exposure as a 
result of treatment with these combinations 

Since polymyxin showed little spermi 
cidal activity and has been reported by 
Foote and Bratton’ to be highly bacterio 
static or bactericidal, or both, this anti 
biotic was used in combination with several 
antibiotic agents. The authors found no 
reports in the literature where polymyxin 
has ever been used in combination with 
other antibiotic agents for treating semen 
in artificial insemination. Polymyxin at 
the 1,000-yg. level was combined with 500 
wg. per milliliter each of streptomyein, di 
hydrostreptomycin, and neomycin. None 
of these combinations exhibited spermicidal 
effects in diluted semen. All were more 
effective against V. fetus than either of 
the antibiotics alone, with the exception of 
the polymyxin-neomyein combination. This 
combination appeared to be no more effec 


tive against V. fefus than neomycin alone 


DURATION OF STORAGE ( Hours) 


SUMMARY 


different levels 
singly and in combination, were added to 
semen diluted at a rate of 1:25 and 1:50 
with skim milk to determine optimum ley 
els for spermatozoan motility 

for 
of dihydrostreptomys 
(500 ppg 
pe of neo 


Various antibiotics at 


Optimum levels mo 
tility 500 pe 
cin, 200 pg. of streptomycin 
satisfactory up to 2 days 
myein, 900 units of peneillin G, and 1,000 


Aureomyecin ® and 


spermatozoan 
were 
was 


pg. of polymyxin B 
terramycin ® were highly toxie to sperma 
tozoa at low levels 

Optimal concentrations (as regards sperm 
viability) of each antibiotic were added to 
Vibrio fetus-skim milk mixtures to deter 
mine their effect on V. fetus. Dihydro 
streptomycin and streptomycin (500 pg 
ml.) were more effective against V. fetus 
than were neomycin, penicillin, polymyxin 
aureomycin, and terramyecin. The 
suitable single antibiotic used in this study 
with sperm toxicity and de 
struction of V. fetus was dihydrostrepto 
mycin (500 pg./ml 

The antibiotic 
not spermicidal. The combinations exertéd 
fetus than either 
with 


most 


respect to 


combinations used were 
a greater effect against V 
of the antibiotics 
exception ; polymy xin an Com 


acting alone, one 
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The Efficiency of the Hotis Test in the Identification 
of Streptococcic Infections of the Udder 


BEN T. THROOP, M.S.; E. W. SWANSON, Ph.D.; J. O. MUNDT, Ph.D. 


K nod ville T¢ 


Horis 


aus a diagnostic method for detecting strep 


rest has been used generally 


tococcic mastitis in dairy cattle. Its use 
in conjunction with other simple tests has 
effective in tentatively identifying 
Streptococcus agalactiae Widespread use 
of penicillin and other antibiotics in the 
treatment of mastitis in recent years has 


been 


led to a decreased incidence of cases due to 
Str This the 
significance of Str. agalactiae has been ac 
companied by some increase in the number 
of cases due to other mastitis streptococe! 
This study was made to identify the mi 
croorganism found in infected udders in 
contemporary herds and to determine the 
contribution of the Hotis testing 
programs in those herds 


agalactiae decrease in 


test in 


REVIEW oF LITERATURE 


deseribed by 
Murphy, 


incubated 


The use of the original Hotis test 
Hotis and Miller wis 
Miller,” and Sehalm 


at 37C,. for 15 to 20 


clarified by 


Schalm samples 


hours without additional 


incubation, because longer ineubation permitted 


a large percentage of samples infeeted with Strep 


fococeus dysqalactiae and vuberia to 
Hotis test To 
recording and interpreting the results, Schalm de 
veloped a key for the Hotis and the 
tests and a eluassification key for 


AStre ptoe OCCUR 


become positive to the simplify 

microscopie 
diagnosis of 
mastitis. Using this simple procedure, Str. agalac 
level of 


herds 


fiae infeetions were reduced to ai low 


ere completel eradicated from several 


through regular herd tests, segregation of in 
fected animals, and treatment of involved quar 
ters with therapeutic agents Most investigators 
have agreed that Str. agalactiae vas the domi 
nant organism of bovine mastitis. Plastridge and 
Hale reported that 37.5 per cent of 14,205 cows 
ere infeeted with Str. agalactiae on initial herd 
tests. This represented about 70 per cent of all 
mastitis detected in herds in Connecticut The 
bulk of the mastitis research for the past 25 


ears has been coneerned primarily with the 
control of this microorganism Plastridge ind 
From the Departments of Dairyin und 

the Ur ersity of Tennessee, Knoxville 

From a the ‘ ibmitted b the senior author to the 
Department of Bacteriology in partial fulfillment of the 


requirements for the Master of Scier 


Sehalm that it eould be 


coneludes erndiented 


completely from individual herds by a program 


of systematic testing and treating 


In a five-year study which ineluded 2,684 elini 
eal cases of mastitis, Hughes found 2O per cent 
of the infections due to Str. agalactiar IS per 


cent to Str. uberis, 13 per eent to Micrococeus, | 


per cent to Str dysaqalactiac, 8 per cent to Cory te 


bacterium, 13 per cent to other microorganisms 
ind 11 per cent were negative or contaminated 
sumples. These results clearly indicated the sig 


mastitis streptococe But 
that Str 


found in 


nificance of all of the 
key and 


ind Sty 


souma reports d dysgatlactia 


uberia were not infeeted quar 


ters in a herd which had not been given antibiotic 


treatment In this herd, 76 per cent of the infec 
tions were due to Str, agalactiac In a similar 
herd where nfected quarters had been treated 
with penicillin for four years, only 19 per cent 
of the infections were due to Str agalactiae 
while + per cent were due to Str. dysqatactiac 
Str. uberia, and other streptococes report 
ind numerous others have emphasized the rok 
of all streptoeoeci in mastitis, Sehalm 

in a reeent review, did not consider streptococe) 
other than Sti aqalactiac, ignificant in herd 


health problems, even in herds free of Str. agalas 
these 


had bheeome the major mastitis organism 


In California herds, Micrococens py 


OGENCS 


MATERIAI AND Mernos 


The bulk of samples used in thi tud ere 
collected at monthl from the herd at 
the University of Tennesses nd at 
vals from other herd Just 
milked, the udder i vashed with 200 to 400 
of ay 
clotl to 


interval 
various inter 


before each va 


chlorine water and dried with 


three 


tilable 


a dry streams of milk ere 
disearded into a 
lected 
had been serubbed with 
ileohol 


milk was collected, using 


strip cup Samples vere col 


tip of the tent 


from each quarter after the 


i pledget of cotton soaked 
cent 


in 70 per Approximately 9.5 ml. of 


iseptie precautions, into 


i sterile vial containing 0.5 mil, of 0.5 per cent 


bromocresol purple olution Strip-cup results and 
alkaline 
corded The im 


cows with acute attacks of mastitis which occurred 


herd of the Universit 


reaction to bromocresol purple were 


procedure Was followed 
onth im the 


These and 


during the n 


of Tennesse other cow shown, | 


monthly tests, to be definitely infeeted vere 
treated at ‘4hour intervals with four int 
mammary infusions of penicillin 

Properly collected samples were transported to 
the Inborator in| plaeed in a neubato 


4 
; 


THRoor 

in Wire racks After ineubation for 18 to 21 
hours, the results of the Hotis test were inter 
preted according to Sehalm,” with some modifi 


With the 
herd infected with Str. agalactiarc, 
tive Hotis tests seen The 


of the reactions was suspicious or atypically 


ention exception of the tests of one 


typically posi 


were seldom majority 


posi 
tive Suspicious tests consisted of a yellow cream 


line with a greenish yellow zone just below the 


cream line or a yellow or greenish yellow sediment 
in the bottom of the tube 


vhen the tube was inverted, or both. 


which did not adher« 


Occasionally, 
turn an olive 


column of milk would 


Atypieally 


the entire 


drab eolor. positive reactions usually 


were similar to the suspicious reactions with a 
ellow sediment but with a large accumulation of 
when the tube was 
Usually the 


appearance and was 


ediment which adhered firmly 


slowly inverted two or three times. 


sediment had floeeulent 
faintly greenish yellow, or a granular appearaneé 
flakes or 


bottom of the 


ind was eanary yellow. Typical yellow 
balls of growth on the 
tubes were rarely 

Milk films of all samples 
the ineubated milk.” 
were made for the identification of the predomi 
The av 


erage number of leukocytes found in not less than 


sides or 
neon 
from 


were prepare d 


Microscopic examinations 
nating types of microorganisms present. 


ten flelds was recorded and the approximate num 


ber of leukocytes per milliliter was ealeulated 


Samples containing streptocoeei or one million 


milk in the 
were streaked 


leukoeytes per milliliter of absence 
predominating microorganism 
fourth of the surface of an 
After incubation at 


plates 


or a 
Edwards’ 
37 C. for 


and the 


over one 
blood agar plate.” 
15 to 18 
types of colonies and changes in the medium were 
Usually, the 


after 42 hours of ineubation. 


hours, were examined 


recorded plates were re-examined 


Colonies thought to 
be streptococei were picked and inoculated into 
tryptose phosphate broth, with 10 per cent sterile 
blood added. After 


tion, the serum-broth were 


cow's serum proper ineuba 


cultures used to in 


oculate differential mediums. Oceasionally, it was 


necessary to repeat the plating and pieking oper 
itions to assure pure eultures 
Kssential differentiation mediums selected 


drop of an 18 


were 


for identification procedures, One 


hour serum-broth culture was added by pipette to 
the following mediums: two sets of litmus milk 
for ineubation at 10C, and 45 C., tryptose broth 
containing 6.5 per cent sodium ehloride, 1:5,000 


methylene blue milk, arginine broth, sodium hip 
The preparation 
vy Little and 


results obtained from 


purate broth, and aeseulin broth 


of these mediums has been deseribed | 
To confirm the 
tests, 
made using the following sugars: 


Plastridge.” 


these biochemical fermentation tests were 


sucrose, lactose, 


sorbitol, mannitol, raffinose, trehalose, inulin, and 
The 
tained 1.0 per 
chloride, 0.1 per 


1 ml, of 1.6 per cent aleoholie bromocresol purple 


salicin basal medium for the sugars con 


cent tryptose, 0.5 per cent sodium 


disodium 


cent phosphate, and 


solution per liter.” Ten milliliters of a 10 per eent 


SWANSON 
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sterile sugar solution is added to Lo mil, of 
basal medium, Five per cent sugar solutions were 
used in the ease of trehalose, saliein, and raffinose 

All tests were incubated at 37 ¢ for at least 
18 hours except as indicated above Growth at 
1OC, was checked at the end of one and two 
weeks. Some difficulty was experienced in ob 


taining growth in sodium broth and a 
few of the sugars. 


by using only 


hippurate 


This was partially overcome 


freshly prepared mediums and in 


cubating for 60 hours soiling the medium in a 


water bath for 10 minutes to evacuate dissolved 


oxygen was resorted to on occasions when freshly 
prepared medium was not available 
The cows were classified as to the presenee of 
direet and indirect tests 
alkaline 


leukoeyt« 


mastitis on the basis of 
The 


reaction to 


indirect tests, palpation, strip cup, 


bromocresol purple, and 


count, were used to indicate inflammation. The 
direct tests, Hotis test, microscopic exXumination 
of incubated samples, and reaction on Edwards’ 


medium, were used to indicate infection. If one 


or more of the 


indirect tests were positive and 
the direet tests clearly indieated infeetion, the 
cow wis conside red to have an established infee 


tion. In addition, cows with persistent infeetions 


of three or more months’ duration, as indicated 


by the direct tests, were considered to have estab 
lished infeetions 


RESULTS 


Four herds were tested in preliminary 
work, and cultures from all samples contain 
ing streptococci were isolated and identi 
fied. There were no quarters infected with 
Str. agalactiae in herds B, C, and D, and 
also Str. dysgalactiae was not found in 
herds C and D. The results of the Hotis 
test on samples containing streptococci in 
the preliminary work are summarized (ta 


TABLE 1—Hotis Test Reactions According to 

Types of Streptococci in One Herd Infected with 

Streptococcus Agalactiae and in Three Herds Free 
of Streptococcus Agalactiae Infection 


tty Tlotia test 


vagdlactiag 


Negative 


Str Typical 
viridans or Atypica 
enterococcus  Suspicio 


Negat 


RV 195% 
3 
I 
\tyy ' 
sapicic 
Iypica 
\tvpica 
N at 
ryy 
‘ 
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TABLE 2—Hotis Reactions Produced by Streptococci for 12 Months in a Herd Free of 
Streptococcus Agalactiae 


Typically 
positive Hotis 


Atypically 
positive Hotis 


Estab Transi Estab Transi 
ished tory lished tory 
infes infec infec infec 
tions tions tions tions 
(No.) No.) No.) No.) 
Str. dysgalactiae 6 in 
Str. uberts 13 0 
Str. viridans or 
enterococcus 11 0 15 i4 
Totals 50 0 
ble ] Of 25 cows in herd A, 18 (72% 


or 


were infected in 25 quarters. Milk samples 
from 14 (82%) of the 17 infected with 
Str. agalactiae and the one infected with 
Streptococcus viridans developed typically 


positive Hotis reactions (table 1). Two 


infected with Str. agalactiae developed 
suspicious reactions and one a negative 
reaction. Of 52 cows in herd B, 16 


(31%) were infected in 18 quarters. Milk 
samples from only two of the 18 quarters 
showed typically positive Hotis tests, and 
the causative organisms were identified as 
an enterococcus and Str. viridans. The 
other 16 gave atypical Hotis tests. Of 33 
cows in herd C, 12 (36%) were infected 
in 24 quarters. As in herd B, milk samples 
from only two quarters showed typically 
positive Hotis tests. Those from other 
quarters gave atypical results. Of 47 cows 
in herd D, 13 (28%) were infected in 19 
quarters. None of the samples gave typi 
cally positive Hotis tests. Thus, the Hotis 
test detected 14 of 17 (82%) of the Str. 
agalactiae infections, 5 of 7 (71%) of 
the Str. dysgalactiae infections, 17 of 41 

42%) of the Str. uberis infections, and 
10 of 21 (48%) of the Str. viridans and 
enterococcus infections. 

A more detailed study of the Hotis test 
reactions found in herd B (University of 
Tennessee) was made over a 12-month 
period (table 2). Of 2,887 samples tested, 
324 contained streptococci. Of the 324 
samples, 137 (42%) were Str. dysgalac 
tiae, 113 (35%) were Str. uberis, and 74 
(23%) were Str. viridans or enterococci. 
For all samples from which streptococci 
were isolated, the Hotis test was positive 
in 50 tests (15%), atypically positive in 
117 tests (36%), suspicious in 99 tests 


(31%), and negative in 58 tests (18%). 
In established infections, Str. dysgalactiae 
had more of a tendency to produce posi- 
tive Hotis tests than the other streptococci. 


Suspicious 
Hotis Hot 
Estab Transi Estab Transi 
lished tory shed tory 
infec infe« nfe infec 
tions tions tions thons 
No No.) No No.) No.) 
147 
10 11 ‘4 
69 0 4 24 1 


In addition to the 167 positive Hotis tests 
reported in streptococcic infections (table 
of all positives) 
Streptococcus 


tests (25° 
produced by 
dysgalactiae had a tendency to produce a 
Hotis reaction with a floceulent, faintly 
greenish yellow sediment, and Str, uberis 
had a tendency to produce reactions with 
a granular appearance similar to that pro 
duced by some Micrococcus No clear-cut 
lines could be drawn between these reac 
tions as to species. 

During the period covered by this «lk 
tailed study, 37 cows had acute clinical 
mastitis. The types of bacteria 
involved and the percentages of each were 
as follows: Str. dysgalactiae, 24 per cent; 
Str. ube ris, 29 per cent 4 other st reptococet, 
D per cent; Micrococcus, 19 per cent; Cory 
nebacterium, & per cent; coliform, 5 per 
per cent; and no 
bacteria, 8 per cent. Thus, 51 per cent of 
the cases of clinical mastitis were due to 
streptococci. Of the established infections, 
as detected by routine tests, 28 per cent 
developed Clinical mastitis in the 12-month 
period 


2). 56 were 


M MWrococeus 


cases of 


cent; Pseudomonas, & 


DiIscUSSION 
was found to be a valu 


for mastitis in a 


The Hotis test 
able diagnostic method 
herd infected with Str. agalactiae, with a 
record of 82 per cent efficiency. These 
results compared favorably with those of 
other investigators ‘62° When the Hotis 
test was applied to herds relatively or en 
tirely free of Str. agalactiae, a high per 
centage of the infected samples developed 
atypically positive or suspicious reactions 
Streptococcus dysgalactiae had a tendency 
to produce reactions with a coarsely floc 
culent yellow sediment without flakes on 
the sides of the tubes. This probably was 
due to differences in agglutinin content, 
as suggested by MeColloch and Fuller.” 
Streptococcus had a tendeney to 


uberis 


T HROOP 


produce reactions with a finely granular 
yellow sediment indistinguishable from the 
reaction produced by some micrococci. This 
probably was the fact that Str 
uberis frequently grew in short chains 
There seemed to be some relationship be 
tween the length of the chain and the 
type of Hotis reaction. Indistinet reac 
tions by these two can be ex 
plained further by their lack of ability to 
Streptococci must 


due to 


ferment lactose readily 
have the ability to produce sufficient acid 
from lactose to lower the pH to about 5.4 
at before Hotis test 
changes can occur.'” Because different iso 
Str. dysgalactiae Str 
usually lacked one or more of the charac 


characteristic 


lates of and uberis 
teristics just discussed, these species did 
not consistently produce a distinguishing 
reaction with the Hotis test 

Streptococe: of the viridans and entero 
coceus groups at times produced all of the 
Infections with these mi 

presumed to originate 
Since the teats 


above reactions 


Croorganisms are 
from fecal contamination 
were constantly exposed to fecal material, 
in spite of aseptic precautions, these or 
VATLISITIS may at times appear ith normal 
and abnormal milk samples and may be 
present in small numbers in the teat canal 
While they have not been found to be an 
mastitis, in a few in 


important cause of 


stances they have been associated with mild 
subclinical cases."' 

During the period of this study, the rel 
ative proportions of Str. dysgalactiae and 
Str infections were the 
herd survey tests (table 2) and all clinical 
cases. A greater number of infections 
were reported by the herd survey method 
many subclinical were in 
Only 50 cent of the estab 
lished infections detected by the 
Hotis test. but microscopic tests detected 
most of the remaining 00 per cent 
dysgalactiae and Str 
caused more clinical cases of mastitis than 
all other Hughes, ' 
in a survey veter 
inary practice over a five-year period, re 


uberis same in 


because CHSECS 


cluded per 


were 


Strep 


facocceus uberis 


organisms combined 


of clinieal cases in one 


ported similar results and pointed out that 


herd survey studies tend to overemphasize 
the importance of easily de 
tected by such methods 


Organisins 
The present work 


confirms his observation 


SUMMARY 


The Hotis test used in conjunction with 


SWANSON 


Au.J. Vet. Kes 
JANUARY 1957 


other methods studied to determine 
its suitability as a diagnostic test for 
mastitis. The Hotis test found to be 
an excellent method of detecting Strepto 
infection in a herd. It 
was found to be of some value in detect 
ing infection with Streptococcus dysgalac 
tiae and However, 
due to the occurrence of a large number 
of negative and 
to the nature of the infection, it was not 
considered to be a method for the 
detection of mastitis caused by the latter 


Was 
Was 


coccus agalactiae 


Streptococcus uberis 


and suspicious reactions 


good 


Streptococcus dysgalactiae and 

fre 
three 
agalactiae 


organisms 
Str. uberis were found to be the most 
quent udder infections in 

herds which free of Str 
In these herds, clinical mastitis 
in about the same proportion as detected 
the 


CHUSECS of 
were 
occurred 
various organisms 


infections due to 


identified 
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The Effect of Environmental Temperature on Blood Volume 
and the Antipyrine Space in Dairy Cattle 


HOMER E. DALE, D.V.M., Ph.D.; GLORIA J. BURGE, B.S.; SAMUEL BRODY, Ph.D. 


Columbia, Missouri 


LITERATURE is voluminous concerning the about 100 per cent of the heat produced 
effect of environmental temperature on by cows is dissipated by vaporization, 
blood volume and composition’ * with par- while in man about 160 per cent of the 
ticular reference to man, a profusely heat produced is dissipated by vaporiza 
sweating species. According to the recent tion (100% of the heat produced plus 
review by Bass and Henschel,’® high am- about 60% of the environmental heat ab 
bient temperature increases blood and in sorbed by the body at 105 F.)."' 

terstitial fluid volume; low temperature 
exerts an opposite effect. 

The present report on blood volume, and 
also on body water, measured by antipy 
rine dilution concerns cattle. Cattle differ 1° to 40 F., 40 to 70 F., 60 to 110 F., and 70 to 
from man in being “slightly sweating” troughs (low temperatere) cecarred at to 7 
above 80 F This ” demonstrated by the a.m, on the peaks (high temperature) at 3 to 
fact that, at 105 F. ambient temperature, AB of these Gate the 

period of rising temperature. The blood volume de 
terminations were completed approximately three 


MerTHODS 


Data were obtained in a elimatie laboratory un 
der four diurnally variable temperature rhythms 


Department of Veterinary Physiology and Pharma 
cology (Dale and Department of Dairy Husbandry 
(Burge and Brody), School of Veterinary Medicine hours before the temperature peak, while the anti 
of Missourt Columbia pyrine determinations were completed about the 

Journal series paper 1630, approved by the director 
of the Missouri Agricultural Experiment Station 


Columbia 


time of the temperature peak 
Nine cows were studied } drv Jerseys, 3 lae 


TABLE 1—Blood and Serum Volume (Mean Values with Standard Deviation") 


- Serum volume Blood volume Hematocrit 
No 
kg. body wt ec./ke. body wt.) (rb 


of 


Standard Standard Standard 


lemperature determi 
deviation Mean deviation Mean deviation 


condition ‘ nations 


Dry Jeraeya 


Mid west cold 
(10 to 40 F 
Midwest norma 
(40 to 70 F 
Imperial Valle 
(60 to 110 I 

Midwest hot 
70 to 100 } 
Lactating Jerseys 


Midwest cold 
10 to 40 I 
Midwest norma 
40 to 70 
Imperial Valley 
60 to 110 F 
Midwest hot 
0 to 100 F 
Lactating Holatein 
Midweat i 
10 40 F 
Midwest norma 
(40 to 70 F 
Imperial Valley 
(60 to 110 F 
Midwest hot 


70 to 100 F 
. 


* Standard dey 


— 
No 

4 4 

64.1 11.4 
61.19 
6.41 

4 a4 ‘ 

; 
1 
4.0% 
“ 
; 


DaLe—Burce—Bropy Am. J. Ver. Res 


JANUARY 1957 


TABLE 2—Results of Analysis of Variance (These Values Were Computed the Basis of 
a Two Criteria and Disproportionate Frequency Analysis) 


values and significa 


\nalynsia of Source of Serum Blood Hematocrit 


variance criteria variation volume volume (% celle) 


Hreed and climatic condition Among breeds 11.22 t.04 6.4337 
Sig. at 1% ig. Sig. at 5% 

Among climatic 0.467 5 2.4492 

conditions Sig. at 1% ig. 4 Not sig 

Interaction 1.3115 $1.98 
Not sig N Sig at 

Lactation status and Among lactation 6.221 77 1.1304 

limatic condition status Sig. at 5% gr. at 5% Not sig 


Among climatic 10.67 5 8.0459 
conditions Sig. at 1% Sig. at 5% Sig. at 1% 
Interaction 2.318 2.118 3.5225 
Not sig Not sig Not sig 
Note Analysis of variance method taken from Snedecor, G. W Caleulation and Interpretation of 
Analysis of Variance and Covariance. Collegiate Press, Ine Ames, lowa (1954 06 pp 

tating Jerseys, and 3 lactating Holstein-Friesians. allowed water while the determination was in 
Serum volume was measured with the blue dye progress. During the injeetion of the dye and the 
T-1824, a method widely used on man and a withdrawal of the blood samples (both through a 
variety of animals,’*” ineluding the cow.” The polyethylene eatheter in the jugular vein), the 
animals were deprived of feed for 12 hours before animals were restrained with a rope halter; at all 
the serum volume determinations and were not other times they were standing free in the stan 


DIURNAL RHYTHMS 


10°-40°F 40°-70°F 70°-100°F: 


= 


HOLSTEIN-L Fig. 1—Blood volume (bro 
~~ ken line, upper 3 curves), 
serum volume (solid lines) 
in cubic centimeters per 
kilogram of body weight, 

a and hematocrit (red blood 


|. JERSEY-D === cell percentage, bottom seg 


ment) plotted against time 


= 


(involving 4 diurnal temper 
ature rhythms, upper axis) 
on arithlog paper (on which 


equal percentages are repre 


sented by equal slopes) 


Note that lactating (L) cows 
have higher blood and serum 
volumes but lower hemato 
crits than dry (D) cows; 


that Holstein-Friesians have 
higher blood and serum vol 
umes than Jerseys; and that 
the blood and serum volumes 
tend to increase with in 
creasing average tempera 
ture of the diurnal rhythm. 
Each line represents average 


values. 
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chion. The dye solution, T-1824, was injected at RESULTS AND DiscussION 


the rate of 20 mg./100 kg. of body weight for on » 
dry cows and 25 mg./100 kg. for lactating cows. The over-all results for serum volume 


Blood samples were withdrawn at approximately etermination and blood volume caleula 
ten-minute intervals for one hour, and the samples tion are summarized (fig. 1; tables 1 and 
were allowed to clot. The serum was obtained by 2). Three effects are apparent 

centrifugation after which the densities of the Effect of Temperature Increase of en 
samples containing the dye were read at 420 # on ~=yjronmental temperature was associated 
a Coleman junior spectrophotometer. The hemato with expanded serum and blood volumes 
erit of heparinized blood was read after 30 min in all three categories of cattle. ie.. dry 
utes of centrifugation at 1,500 r.p.m. (radius 19 Jerseys, lactating Jerseys, and lactating 
em.); the leukocytes were ineluded with the Holstein-Friesians. As suggested by Ba- 
fraction wae made fer zett et al.,? this increased blood volume is 
probably related to the vascularity of the 
skin. The closing of arteriovenous anasto 
moses with resultant greater capillary cir 
‘ulation increases the total capacity of the 
vascular system, blood pressure falls, and 
fluid is moved from the tissue spaces to the 
blood. Yet, the pulse rate of cows usually 
declines until the environmental tempera 
ture surpasses 100 F., and a slow pulse is 


trapped plasma (estimated at 6% by Reynolds” 
or for the differenee between the venous and the 
general body hematoerit.” 

Antipyrine was used for the determination of 
total body water~; it was administered at the 
rate of 2.5 Gm./100 kg. of body weight. The in 
jection and sampling procedures were in general 
similar to the blood volume technique; however, 
for the antipyrine determinations, blood was col 


leeted at approximately one-bour intervals for six , , 
The concentration of generally associated with a higher than 


hours after the injeetion. 
antipyrine in the blood serum was determined by normal blood pressure; presumably other 


the method of Brodie et al.,” using a Beckman pt factors are involved 
spectrophotometer. The percentage of serum wate: Effect of Lactation The mammary 
was determined by drying to a constant weight. gland is more vascular than other tissues 


DIURNAL RHYTHMS 
— 40° F 4’ — 70° F 60° — 110° F 


80 


BODY WATER 


% 


577 


1 i i i 


0 2 2 0 2 
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1954 


Fig. 2—Antipyrine space (total body water) as percentage of body weight. 
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of lower metabolic activity; yet, it seems 
improbable that this alone could account 
for the serum volume difference between 
dry and lactating Jerseys, a difference of 
5 liters in a 1,000-lb. cow. It is more prob 
able that the increased feed consumption 
and increased metabolism associated with 
lactation increase the vascularity of all of 
the visceral organs 

Effect of Breed.—l\actating Holstein- 
Friesians had larger serum and blood vol- 
umes in proportion to body weight than 
did lactating Jerseys. This breed differ- 
ence is particularly striking during the 
60 to 110 F. temperature rhythm, where it 
amounted to almost 20 ee. of blood per 
kilogram of body weight, over 2 gal. in a 
1,000-lb. cow 

Total body water, determined by the di 
lution volume of antipyrine, ranged be 
tween 45 and 75 per cent of body weight ; 
repeated at weekly intervals, the results 
on any one animal were so inconsistent as 
to be worthless (fig. 2 


SUMMARY 


Serum and blood volumes were meas 
ured with the T-1824 hematocrit method 
in 3 dry and 3 lactating Jersey cows and 
in 3 lactating Holstein-Friesian cows. To 
tal body water was estimated in the dry 
Jersey cows with the antipyrine dilution 
technique All of the cows were exposed 
to each of four diurnally variable temper 


ature rhythms: 10 to 40 F., 40 to T0F., 
60 to 110 F., and 70 to 100 F 
All the cows had increased serum and 


blood volumes at the higher temperature 
ranges; this was most noticeable in the lac 
tating Holstein-Friesian with a dif 
ference of 9 ml. of plasma and 16 ml. of 
blood per kilogram of body weight between 
the 10 to 40 F. rhythm and the 60 to 110 F 
rhythm. In lactating Jersey cows, the se 
rum volume was 5 to 10 ml. and the blood 
volume 3 to 9 ml. per kilogram greater 
than were the serum and blood volumes of 
dry under the condi 
tions. In lactating Holstein-Friesian cows, 
the serum were 5 to 11 mi. and 
the blood volumes 9 to 19 ml. per kilogram 
greater than the serum blood 
volumes of lactating Jersey under 


COWS 


Jersey COWS same 


volumes 


and 


COWS 


were 


the same conditions 

Consecutive determinations of the vol 
ume of distribution of antipyrine were so 
that 


variable as to lead to the conelusion 
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antipyrine does not consistently measure 
total body water in cattle 
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Studies on Arthritis in Swine 
Ill. The Influence of Desoxycorticosterone in Normal and 
Arthritic Swine Due to Erysipelothrix Infection 
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ARTHRITIS In swine is prevalent under farm 
In infectious 


be 


agent 


conditions some Cases 


an 


can isolated, while in others no 


be found Pyogenic 
bacterial infections produce enlarged, soft 
This purulent 


agent 
infectious can 
joints distended with pus 
type of infection occurs most frequently at 
the time of through the 
umbilicus rhusiopath 


birth, probably 
In 


ime-infected joints, pus is usually 


Erysipelothria 
absent 
but extensive proliferative changes may be 
present. In advanced chronic polyarthritis 
due to Ery 
may disappear from the joints while the 
arthritis ' In such many 
macroscopic and microscopic pathological 
changes similar to rheumatoid arthritis in 
man are present. Pannus formation over 
the articular with or without 
fibrous ankylosis, narrowing of the joint 
with rarefaction of the adjacent 
bones, and greatly thickened joint capsules 
are evident 

Marked pathological changes the 
adrenals and kidneys are often present." 
These that normal 
functions of the adrenal glands and kid 


rhusiopathiae, the organism 
persists. CASES, 
cartilages 


spaces 


observations suggest 


ney may be altered. These metabolic dis 
turbances may possibly augment the ar 
thritie condition. This belief prompted 


this series of experiments 


MATERIALS AND METHOD 

The 24 experimental swine used in these experi 
ments were from a purebred Chester White herd, 
established in 1941, in which erysipelas was not 
known to have oceurred. They were 3 to 4 months 
old, weighed 75 to 125 Ih. were in exeellent 

This investigation was supported in part by a research 
rant A-45 (¢ from the National Institute of Arthritis 
und Metabolic Diseases of the National Inatitutes of 
Health, 8. Public Health Service 

Taken from thesis The Pathological Effects of the 
Kacterium Erysipelothria Rhusiopathiage on Swine sub 
nitted to the faculty of Purdue University in partial 
ilfillment of the requirements for the Ph.D. degree 
August, 1954 Present address (Sikes) Department of 
Pathology and Parasitology, School of Veterinar Medi 
ne, University of Georgia, Athens 

Submitted as journal paper 991, Agricultural Experi 
nent Station, Purdue Universit Lafayette, Ind 


Indiana 


health, and had been vaeceinated against hog eh 
era, with anti-hog cholera serum and virus, at 
weaning time S weeks 

They were housed in pens with cement floors 
ind were on pasture during the warm seasol 
They were fed a well-balanced commercial ration 
which contained adequate minerals, vitamins, fat, 
ind protein 

lo study the effect of hormonal therapy o1 
normal and arthritic swine, cortisone ind desoxy 
corticosterone acetate DOA were given subeu 
taneously, One gram of DCA was suspended in 20 
ec, Of sesame oil, while the cortisone was a saline 
suspension of cortone neetats 

Soft tissues to be studied for histopathological 
changes were taken at the time of necropsy and 
fixed in 10 per cent formalin. Paraffin seetions 
were cut and stained by the usual hematoxylin 
and eosin procedure Bone specimens were decal 
cified according to Lillie’s method,” sectioned, and 
tained with hematoxylin and eosin 

RESULTS 

1) Repeated Intravenous Exposure of 
Swine Which Resisted One Exposure to 
Erysipelothric Rhusiopathiae Four 90 
lb. shoats, 4 months old, which were in 
jected intravenously with 10 ec. of a 24 


hour culture of the organism, resisted the 


exposure, Beginning ten days later, each 
was given 10 ce. of culture in the anterior 
vena cava, weekly for nine weeks. One 
died after the sixth injection and showed 
vegetative endocarditis involving the 
greater portion of the right ventricle. All 
of the leg joints were inflamed and the 


joint capsules were distended with cloudy 
fluid. The kidneys had many healed 
farcts. The other viscera appeared normal 

A second died 
the last and 
vegetative endocarditis and infarcts in the 
kidneys. Bacteriological cultures made from 
the hearts and carpal and tarsal joints of 
both animals yielded Ery 

The remaining 2 shoats developed chronic 
polyarthritis and were slaughtered five and 


in 
animal two days after 


myection showed extensive 


rhusiopathiac 


seven months following the final intrave 
The cortisone ised n these exper nt Buy 
plied by Merck and Co.. Is grant 
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nous injection. The first one killed showed 
proliferation of synovial villi, pannus for- 
mation in the carpal and tarsal joints, and 
extensive vegetative endocarditis involving 
both the tricuspid and bicuspid valves. 
The kidneys were mottled with numerous 
fibrotic areas, and the adrenal glands were 
cystic. 

The one killed at seven 
marked enlargement and rigidity of the 
carpal and tarsal joints and synovitis, 
proliferation of villi, and pannus forma 
tion in all leg joints. There were a few 
eroded areas in the articular cartilages 
The synovial fluid was scanty. There were 
pronounced exostoses of the articular proc 
esses Of a number of vertebrae. The ad 
renals were enlarged and had numerous 
clear cystlike structures in the cortex. The 
kidneys were gray and fibrotic, whereas all 
other viscera appeared normal, Bacterio 
logical cultures from the joints yielded 
Evry. rhusiopathiae. 

It is of interest that 3 of the 
receiving repeated intravenous injections 
of Ery. rhusiopathiae developed extensive 
vegetative endocarditis. Also, 2 of the 4 
with arthritis had cystlike formations in 
the adrenal glands and gray infarets uni 
formly present in the kidneys 

2) The Use of Hormonal Therapy to 
Alter the Course of Arthritis in Swine 
The adrenal hormones have a number of 
profound physiological effects in the body 
Cortisone has been used extensively in the 
treatment of rheumatoid arthritis in man 
Aside from its effects on carbohydrate me 
tabolism and depletion of lymphatic tissue, 
it reduces inflammation of the joints and 
the stiffness and discomfort. Ac 
cording to Turner,'? pca is concerned prin 
cipally with the salt and water balance of 
the body. It aids in potassium excretion 
and sodium retention. The tissue culture 
experiments of Mancini and de Laustrig 
have shown that it also has a stimulating 
effect on fibroblasts, whereas cortisone ace 
tute had no effect 

The object of this series of experiments 
was to observe the effects of pca alone, and 
of pca administered simultaneously with 
normal swine and on swine 


months showed 


4 shoats 


lessens 


cortisone, on 


with acute arthritis experimentally induced 
by Ery. rhusiopathiae. 

A) Use of DCA and Cortisone in Nor 
Group 1 consisted of 2 shoats 


mal Swine 
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which received, subcutaneously, 1 Gm. of 
bca twice weekly until death occurred. 

Group 2 consisted of 2 shoats which 
received, subcutaneously, 500 mg. of DCA 
twice weekly for 25 weeks. 

Group 3 consisted of 2 animals which 
received, subcutaneously, 1 Gm. of pbca 
twice weekly and daily doses of 75 mg. of 
cortisone for 12 weeks. 

One shoat in group 1 developed poly- 
dipsia, polyuria, and a ravenous appetite 
during the second week of treatment. It 
became paralyzed and died on the twenty 
first day of therapy. At necropsy, the kid- 
neys were swollen and with 
numerous ecchymoses in the cortex. The 
adrenals were enlarged and hemorrhagic 
An excess of clear cerebrospinal fluid was 
present, and there was an increase of syn 
ovial fluid in the tarsal and carpal joints 
All other tissues appeared normal. 

The second shoat was slaughtered after 
seven weeks because of a paralytic condi 
tion. During the third week of treatment, 
it developed a pronounced polydipsia, poly 
uria, and a ravenous appetite which con 
tinued until incoordination and paralysis 
developed. During the fifth week, it be 
came lame in all legs and would stand for 
only a few minutes at a time. The lame- 
ness became more marked during the sixth 
week and paralysis and the loss of coordi 
nation and of detectable reflexes developed 
on the last days before slaughter. During 


congested 


the last week, the water intake and the 
polyuria were reduced. Serosanguineous 
effusions distended the joints and some 


proliferation of the synovial villi was ob 
served. The kidneys were infarcted and 
the adrenals were markedly atrophic. The 
cerebrospinal fluid was thin, clear, and ex 
cessive, and the meninges were hyperemic 
and edematous. 

The second group of animals which re 
ceived the lower level of (500 mg 
developed polydipsia, polyuria, and raven 
appetites during the fourth week 
These persisted until the time of slaughter 
A slight soreness of the feet or legs may 
have been due to excessive weight. Both 
animals appeared healthy and gained in 
weight. At necropsy, the kidneys were 
mottled and showed infarets and the adre 
nals were atrophic. All other viseera and 
the joints appeared normal 

The animals of the third group (2 
of pca weekly and 75 mg. of 


DCA 


OUS 


Gm 


eortisone 
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daily) developed polydipsia, polyuria, and 
ravenous appetites during the third week, 
Which persisted until the twelfth week 
when they were slaughtered. During the 
sixth week, both developed acute arthritis 
and refused to stand except for a few 
minutes while eating and drinking. The 
tarsal joints were enlarged and sensitive. 
The swelling subsided but the lameness 
persisted. Both animals otherwise appeared 
healthy and grew normally. 

At necropsy, the kidneys of both shoats 
showed infarcts and the adrenals were 
atrophic. All other viscera appeared nor 
mal. The carpal and tarsal joints appeared 
normal in size, but mild synovitis, prolif 
eration of the synovial villi, and beginning 
pannus formations were present. There 
Was some erosion of the articular surfaces 
of the tarsal bones. 

The bacteriological findings in joints and 
visceral organs of all animals receiving 
hormones were negative. 

It appeared that the administration of 
pcaA and pca combined with cortisone re 
sulted in adrenal atrophy. Treatment with 
these adrenal hormones as well as repeated 
intravenous exposure to Ery. rhusiopathiac 


produced mottled kidneys with infarets. 


The administration of 75 mg. of cortisone 
daily prevented paralysis, loss of reflexes, 
changes in the 


and cerebrospinal fluid 


Fig. 1—Extensive hemor- 
rhage in the cortex ofthe @ 

adrenal gland in acute Rid 
swine erysipelas. x 680. ry 
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swine receiving the high level of pea (2 
Gim, weekly). However, this level of cor 
tisone failed to prevent early arthritic 
changes in the joints which presumably 
were produced by pca overdosage. 

B) Use of DCA in Acute Arthritis Pro 
duced by Erysipelothrix Rhusiopathiae. 
Each of 9 shoats received 10 ec. of a 24 
hour culture of Ery. rhusiopathiae intra 
venously. As soon as they had developed 
acute polyarthritis (10 days to 3 weeks) 
with joint effusions, the pca treatments 
were started. 

The first group of 7 
ceived 1 Gm. of pca in 20 ce. of sesame oil 
subcutaneously, twice weekly : the last two 
were given 500 mg. twice weekly 

All 7 animals in group 1 developed poly 
dipsia, polyuria, and a ravenous appetite 
during the fourth week of treatment. Six 
of the 7 began to lose weight in the fifth 
or sixth weeks; the carpal and tarsal joints 
enlarged and the lameness increased. Only 
1 was able to rise without assistance by 
the ninth week, and it recovered sponta 
neously. 

One animal with chronic polyarthritis 
was killed after 98 days of treatment. The 
carpal and tarsal joints were enlarged and 
rigid and showed synovial villi prolifera 
tion and pannus formation. Bacteriologi- 
cal cultures from these joints were positive 


animals each re- 


= 
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for Ery. rhusiopathiae. There were in- 
farcts in the mottled kidneys and the ad- 
were atrophic. All other viscera 
appeared normal 

The remaining 5 animals developed ad 
vanced polyarthritis and were killed four 
to five months after the beginning of pca 
therapy. Erysipelothrix rhusiopathiae was 
isolated from the joints of 4 of the 5. 
One shoat showed advanced ankylosing 
spondylitis in addition to the pathologi 
eal changes described in the preceeding 
Atrophie adrenal glands’ were 
present in all 6 which had received 1 
(im. of DCA twice weekly. 

In the 2 shoats, which received 500 mg. 
of pcCA twice weekly, a similar clinical 
and pathological course developed. At nec 
ropsy, after 12 and 17 weeks of hormonal 
therapy, the adrenals of both animals were 
atrophie and KHry. rhusiopathiae 
lated from their carpal and tarsal joints 

At the dosages used, pcA seemed to aug 
ment the development of arthritis rather 
than to have a therapeutic effect 

C) Use of DCA Administered Simulta 


renals 


animal 


was iso 
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neously with Cortisone for the Treatment 
of Acute Polyarthritis Due to Erysipelo- 
thriz Rhusiopathiae.—Intravenous expo- 
sure with 10 ee. of a 24-hour culture of 
Ery. rhusiopathiae resulted in acute ar- 
thritis in 5 shoats. Four were treated si- 


multaneously with pca and cortisone be- 
postex posure ; ] 


ginning two weeks was 
untreated. 

The first group of 2 animals was given, 
subcutaneously, 1 Gm. of pca twice weekly 
and 75 mg. of daily. The 2 
shoats in the were given 
500 mg. of pca twice weekly and 50 mg 
of cortisone daily 

Both animals in the first group showed 
definite clinical improvement after the sec- 
ond week of treatment further de 
crease of the lameness and swellings of the 
carpal and tarsal joints after four weeks. 
One appeared to have recovered after six 
weeks of therapy and the other was only 
slightly lame after eight weeks 

The 2 animals which received the lower 
level of steroid therapy showed clinical 
improvement after three weeks. A remis 


cortisone 


second group 


and a 


Fig. 2—The zona glomer- 
ulosa (a), the zona fas- 
ciculata (b), and a por- 
tion of the zona reticu- 
laris (c) of the adrenal 
gland of a hog with acute 
swine erysipelas, showing 
numerous foci of round 
cells. x 200 
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sion of the acute symptoms, and some re 
duction of the joint swellings had occurred 
by the sixth week. Slight lameness per- 
sisted in 1 animal, apparently due to a 
unilateral carpitis. 

The untreated animal developed chronic 
polyarthritis, beeame moribund, and at nec- 
ropsy, eight weeks postexposure, showed a 
marked synovitis with an increased amount 
of turbid synovial fluid. Marked prolifer 
ation of the synovial villi and thickened 
joint capsules were found in most of the 
joints of the legs. The adrenals were en 
larged and the kidneys were mottled and 
infarets. All other viscera ap 
Erysipelothrix rhusiopath 


contained 
peared normal 
me was isolated from the carpal and tarsal 


joints 
OBSERVATIONS ON PATHOLOGICAL 
CHANGES 


varied, In 
septicemia, 


The pathological changes 
swine which died of acute 
pathological changes observed at necropsy 


were not different from those in 


Fig. 3—The zona glomer- 
ulosa and a portion of 
the zona fasciculata of 
the adrenal gland from a 
hog which had _ experi- 
mentally produced chronic 
arthritis. The zona glom- 
erulosa (a) is nearly ob- 
literated. The fascicular 
zone (b) shows atrophy 
of the parenchymatous 
cells and numerous spaces. 
The capsule (c) appears 
edematous. x 200. 
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acute septicemic diseases. The lesions most 
pathognomonic of swine erysipelas were in 
the skin. 

In the kidneys, subeapsular hemorrhages 
were sometimes present, depending upon 
the acuteness of the There was 
evidence of acute inflammation, of degen 
erative changes in the parenchyma, and 
of interstitial hemorrhage. Infarcts were 
frequently found, some neerotic and others 
cieatrized 

In the swine which developed vegetative 
endocarditis lesions (part 1), bacteria and 
fibrin made up the vegetative 
the early stages. Later, connective 
proliferation and vascularization developed 
so that the vegetative masses became firm 
Emboli originating from these masses on 
the endocardium probably resulted in in 
farcts in some distant organs, particularly 
the kidneys. Arteritis with plaque forma 


disease 


masses 


tissue 


tion occurred In some cases 
rhe 


capsular hemorrhages were frequently ob 


adrenals were enlarged and sub 


served (fig. 1) in acute swine erysipelas 
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disease continued (2 months or 


more), the adrenals were frequently twice 
the normal size, soft, and swollen. The 
zona glomerulosa was infiltrated with leu 
kocytes, and this zone sometimes partially 
disappeared, Numerous foci of round cells 
were scattered throughout the zona fas 
ciculata and reticularis (fig. 2). It is not 
certain that these foci always result from 
Ery. rhusiopathiae infection. The adrenal 
medulla in all cases appeared normal. In 
advanced cases of chronic arthritis, a dis 
ruption of the normal architecture of the 
zona glomerulosa and reduction in thick 
ness frequently occurred (fig. 3). In cases 
where the clear cystlike areas were present 
in the cortex, a true membrane did not 
surround these areas (fig. 4). The normal 
production of adrenal cortical 
probably interfered with in 


As the 


hormones 
Was these 
CHSES 


Dise USSION 


The probable course of events in arthri 
tis due to infection is as follows: infee 
established in the joints causing 
an inflammatory reaction; edema and con 
gestion of the synovial membranes occur, 
followed by proliferative changes in the 
intra-articular structures; the suppuration 
which does rarely occur is focal; and nu- 
merous lymphocytes and plasma cells, with 
a limited number of polymorphonsclear 
leukocytes and a few eosinophils, invade 
the area. Eventually, the synovial mem- 
brane assumes the appearance of gran 
ulation tissue, and individual villi resem- 
ble granulomatous polyps. The synovial 
fringes probably combine with proliferat 
ing perichondrium to form a pannus. The 
articular cartilage becomes eroded appar 


tion is 


NEHER 
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ently by the pannus attachments and by 
the inflammatory reaction in the subchon- 
dral bone. Bacteria may disappear from 
the joints but the arthritic process may 
continue unabated." 

Adrenal involvement seemed to 
during the bacteremia and simultaneously 
with the invasion of the joints by the bac 
teria. The first changes observed in this 
gland were extensive hemorrhage (fig. 1 
followed by leukoeytic and round cell in 
filtration in the cortex (fig. 2). Marked 
enlargement of the gland frequently oc 
curs with some disruption of the normal 
architecture. Cystlike formations (fig. 4 
occurred = in but it is not 
known what relationship these had to ar 
thritis. The zona glomerulosa was largely 
obliterated in (fig. 3 
Atrophy of the adrenal is a frequent find 
ing in swine with advanced chronic ar 
thritis which are suffering severe inanition 
Normal adrenal function is probably al- 
tered by: the effects of illness, pain asso 
ciated with body movements, degenerative 
changes of the kidney, subsequent impaired 
renal function, and the constant demand 
for glucocorticoid. It would seem that kid 
ney and adrenal malfunction may influ 
ence the course of the disease and possibly 
contribute to the continued active mani 
festation of arthritis 

A comparison of the arthritis of swine 
and rheumatoid arthritis in man shows 
some similarities. According to Collins 
and Goldie, the changes in 
the joints show clearly the following mac 
the 
pro 


occur 


some CASeS 


some instances 


anatomic 


roscopie and microscopic similarities 


pathological changes are essentially 


liferative, nonsuppurative, and have a 


Fig. 4—Cross sections of cystlike areas in cortex of the adrenal gland removed from a hog 
with experimentally produced chronic arthritis. x 5 
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tendency toward granulomatous prolifer 
ations in the synovial membrane; pannus 
formation and infiltration of the 
with lymphocytes occur forming foeal col 
lections; destruction of cartilage at the 
site of pannus attachment and subchondral 
cellular reactions appear; and intra-artic 
ular fibrous adhesions and rarefaction of 
the bone as revealed by radiography are 
common. 

Collins and Goldie * believe that no fur 
ther analogy can be drawn between the 
two diseases until the cause of rheumatoid 
arthritis in man is known. They also be 
lieve that one of three things may happen 
in advanced chronic arthritis of swine in 
which no infectious agent can be isolated 
and the arthritic condition continues una 
bated. (1) The lesion may resolve and the 
joint recover. (2) Healing of the damaged 
tissues may take place by fibrosis and this 
may include formation of intra-articular 
adhesions. (3) The synovial granulation 
may assume certain properties of 
a benign neoplasm and proliferate in the 
absence of the exciting microorganism 
Thus, the arthritis is maintained in a state 
of clinical activity 

The results of these experiments sup 
port this latter belief, especially in the 
case of the continued active clinical form 
when the joints are apparently sterile. It 
may be that kidney and adrenal patho 
logical changes play a part in these cases 
of advanced chronic polyarthritis. 

Fibrotic lesions in the kidneys and 
changes in the cortex of adrenal glands 
were the two most constant changes ob 
served in the viscera of animals with ad 
vanced cases of chronie polyarthritis. The 
significance of these changes in the devel 
opment of the arthritic syndrome has not 
been determined. It is known that reduced 
renal activity delays the exeretion of a 
number of body wastes. Just what effect 
products have on arthritis 
gland is subject to 


tissue 


Tissue 


these waste 


and on the adrenal 
speculation 

It was believed that if a disproportionate 
secretion of the adrenal cortex oceurred in 
the arthritic with demonstrable 
adrenal changes, a similar pathological 
condition might be created in the joints 
of normal pigs by interfering with the 
normal hormonal balance of the adrenal 
gland through overdosage with exogenous 


animals 


hormone 
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Adrenal atrophy was produced in the 
albino rat by Carnes ef al.,' using repeated 
doses of pea. Ragan et al.* observed poly 
dipsia and polyuria in dogs receiving 25 
mg. of pca each day. They suggest that 
this could have been due to increased ex 
tracellular sodium concentration. No de 
scription of kidney damage was given 
(It would seem that prolonged treatment 
could definite lesions the 
kidneys 

In this the 2 normal 
shoats which Gim, of pca 
per week died on days 21 and 49. This 
indicated that a profound physiological 
disturbance had occurred, The oecurrence 
of polydipsia and polyuria, with adrenal 
atrophy in these animals supports the 
above observations.’:* The 2 normal shoats 
which received 1 Gm. of pca weekly de 
veloped polydipsia and polyuria but sur 
vived without other observable effects 
On a body weight this dosage is 
considerably less than the 10 mg. per day 
dose reported by Hartman and Brownell * 
as producing adrenal atrophy in the rat 

The normal hogs which received 2 Gm 
of pca per week plus 75 mg. of cortison 
daily showed clinical signs of arthritis by 
the sixth week of therapy. At 
six weeks later, early rheumatoid changes 
were evident in both the carpal and tarsal 
joints. The histopathological changes in 
the adrenal glands consisted of nearly com 
plete obliterations of the zona glomerulosa 
and atrophy of the fasciculata and retieu 
laris. The cells were reduced in size, the 
cytoplasm stained faintly, and the nuclei 
The changes observed in the 


produce 


investigation, 


were given 2 


basis, 


hecropsy, 


small 
kidney were mostly fibrotic. The glomeruli 


were 


appeared shrunken with encroachment of 
Numerous 
accumulations of round cells were present 


interstitial connective tissue 
Similar accumulations commonly occur in 


swine kidneys; hence, their significance is 
not certain 

Proliferation of the synovial villi, round 
cell infiltration, and beginning 
dral pannus formation in 2 swine 
ing the high level of pca indicated that a 
disturbance of the normal physiology ot 
the joints had oecurred, Selye et al.°'° re 
ported that 2 mg. of pca twice daily in 
rats had toxic effects when one kidney was 
large amount of salt was 
These 


nephroscle 


subchon 
receyy 


and a 
added to the drinking water 
developed periarteritis nodosa 


removed 
rats 
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and lesions in the heart and blood 
vessels resembling those of rheumatie fe 
ver in man. A high ineidence of acute or 
chronie arthritis developed if the animals 
if the thyroid 
or adrenals were removed. Harrison 
unable to confirm the role of DCA in caus 
ing arthritis, and he believed that infection 
intimately with nephro 
sclerosis and the production of rheumatic 


ross, 


were subjected to cold, or 
Was 


Was concerned 
cardiac lesions 

In the experiments, high DCA 
dosage apparently produced arthritis in 
normal shoats. The systemic, ill-effects of 
DCA In normal swine were largely inhibited 
by the concomitant administration of cor 
However, at used, this 
glucocorticoid failed to prevent early rheu 
When ex 
arthritis 


present 


tisone the dosage 
matoid changes in the 
produced 
with pca, the 
the disease was markedly 


joints 
CHASCS of 


perimentally 


were treated pathological 


course of aug 
mented 

It is difficult 
the symptoms 
thritic animals receiving DCA and cortisone, 
whereas in normal swine level 
of cortisone failed to prevent the arthritic 
changes which were produced by pca. Pos 
sibly, the beneficial effects of combined 
steroid therapy in the former case reflected 
a greater need for glucocorticoid, since 
adrenal pathological changes had occurred 
prior to hormonal therapy. It would ap 


to explain the fact that 


were relieved in the ar 


the same 


pear logical that exogenous glucocorticoid 
would have a greater inhibiting effect on 
the pituitary-adrenal axis in the normal 


the animal with 
iS apparent 


animal than it would in 
impaired adrenal function. It 
that the mineralocorticoids or the mineralo 
corticoid ; glucocorticoid ratio may be con 
the development of advanced 


particularly 


eerned in 
arthritis in 


since no infectious agent could be isolated 
11 


chronic swine, 


from the joints 226 days after exposure 


SUMMARY 


1) In swine experimentally infected with 
rhusiopathiae, a chronie pro 
liferative polyarthritis developed. Degen 
erative changes in the adrenal glands and 
fibrotic lesions in the kidneys were found 
in animals with advanced cases of chronic 
arthritis 

2) Vegetative 
duced in 3 of 4 


endocarditis pro 
animals by repeated in 


was 


NEHER 


.m.J. Ver. Res 


JOYLE 
YL JANUARY 1957 


travenous injections of cultures of Hry 
rhusiopathiae. 


3) The 


Gm. of desoxycorticosterone acetate 


injection of 1 
DCA), 
twice 
while 


subcutaneous 
suspended in 20 ce. of sesame oil, 
weekly, caused death in 2 
those receiving 500-mg 
fected but 
received 2 Gm OT DCA 


shoats, 
were af 
shoats which 

weekly plus 
of cortisone daily developed acute 


doses 
survived Two 
each 
75 my 
arthritis 

4) The 


of pca twice weekly in 6 of 7 


of 


shoats 


subcutaneous injection 
Gm 
with acute arthritis augmented the patho 
logical course of the disease 

polyarthritis 
showed 


5) Two shoats with acute 
Ery 
sion of symptoms and marked clinical im 


due to rhusiopathiae remis 
provement when given 1 Gm. of Dca twice 
daily over 
other shoats. 


cortisone 
an eight-week period. Also 
similarly affected, responded favorably to 
900 mg. of DCA twice per week plus 50 mg 
The control 


weekly, plus 75 mg 


of cortisone daily untreated 


animal died 
6) The relationship of the adrenal and 
kidney pathological changes and the devel 


opment of arthritis in swine is discussed 
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Propagation of Vesicular Exanthema Virus 
on Xenoplastic Grafts 


E. E. STUART, D.V.M., and R. A. BANKOWSKI, D.V.M., Ph.D. 


Davis, California 


THE HIGH Cost and type of facilities re- 
quired for the propagation of vesicular 
exanthema (VE) virus has stimulated an 
interest in the propagation by means other 
than swine. The artificial cultivation of 
VE virus has been previously reported in 
embryonic pigskin fragments embedded in 
plasma clots and chopped whole embryos 
suspended in Baker’s solution.’:* This 
report still another procedure 
which was found to be for 
propagation of four immunologically dis 
tinct types of ve virus (A, B, C, and D). 
The technique employed closely parallels 
that the studies of herpes 
simplex and vaccinia viruses 


describes 
successful 


deseribed in 


MATERIALS AND METHODS 


Virus.—Immunotypes A, B, C, and D of VE virus 


were used, The initial inoeculums for each trial 


weight, 
feet 
prepared 
with 


consisted of a 10.0 per cent suspension, by 


vesicles of the snout and 
swine. The 


buffered 
deseribed for the 


of the coverings of 
of infected 
in 0.9 per cent 


suspension was 


saline and clarified 


Lloyd’s reagent as preparation 
of antigens for the complement-fixation test... The 
5.000 units of 


milliliter 


inoculums were treated with peni 


eillin and 2,500 of 
incubated at 6 ¢ for at 


streptomycin per 


and least two hours prior 


to use 


Tissues Gravid uteri from eastern market sows 


were obtained from a slaughterhouss Embryos, 


as determined by 
selected 


ranging from 3 to 12 em. long, 


external palpation of the uterus, were 
removed aseptically and placed 
The skin of the 


inserting a blunt 


The embryos were 


in a sterile pan embryo was 


removed by pair of forceps un 
der the skin at the 


the instrument posteriorly 


base of the head and forcing 
to the tail. 
ile gloves, the thumbs were inserted into the 


Using ster 
open 
ing and the skin was peeled from the subeutis and 
found to 
skin 
from 


underlying tissues. This technique was 


be rapid, simple, and yielded a harvest of 


with the 


the entire 


least amount of connective tissue 


body The skin was eut into plaques 


School of Veterinary Medicine University 


From the 
of California 
This 
Agricultural 


Davis 


study was supported n part by grants fre 
Research Service { Ss Department 
Public Health Service, > 


grant E 445 


appreciation to 


Agriculture and the | ~ 
Institutes of Healt! 


expres their 


tional 
The authors 
Cordy for his assistance in the interpretation o 


topathological sections 


approximately 4 em. in diameter and the pieces 


stored in cold Simm-Sanders z solution as previ 
described. 

The pigskin grafts 
by removing plaques of skin from the Z solution 
cork The 
corium was cut inte 


While still 
with 0.9 per 


ously 


Technique were prepared 


sterile tissue Was 
attached 


mm 


placing on a 
and the 
approximately 5 
on the cork, the 
cent buffered 
500 units of penicillin and 100 wg. of atreptomyecin 
The 


solution 


and 
stretched 
pieces square 


flooded 
solution (pH 7 


tissue was 


saline containing 


per milliliter. tissues were kept moist with 


the antibiotic while the eggs were being 


prepared for inoculation. Embryonating chicken 
eggs, 6 to 10 days old, were prepared by making 
an artificial air cell to expose the chorioallantoie 
One to three 


and the 


membrane (¢.a.m pieces of tissue 


were placed upon the ¢.acm 
the shell Seotch tape. The eggs were 
allowed to ineubate at 37 C. for 24, 48, or 96 hours 


following the 


opening in 
sealed with 
transplantation 


The original inoculum was 0.1 ml, of a 
10.0 per cent suspension of infected swine vesicles 
per egg 
ting through the Seoteh tape with a sealpel and 
1.0-ml 


used to 


virus 
The inoculation was accomplished by eut 


injecting the inoculum with a tubereulin 


syringe Scotch tape was reseal the win 


dow and the incubated for an additional 
or 48 


The virus 


eggs were 
hours 

was harvested by swabbing the eggs 
with 70 per cent ethyl aleohol, removing the Seotel 
tape, enlarging the window, and cutting the ¢.a.m 
with the 


The 


grafts free of the embryo with iris seis 


tissue was ground in a mortar wit! 
alundum, diluted to ten times its volume with buf 
fered 
ten minutes, 
ge 
onating chicken eggs, for infeetivity tests in swine 


and for the 


saline and centrifuged at 2,500 r.p.m, for 


The supernatant fluid was employed 


for serial in xenoplastie grafts on embry 


complement fixation test tjovine blood 


TABLE 1—Reaction of Swine to Inoculation with 
Four Immunotypes of Vesicular Exanthema Virus 
Propagated on Pigskin Grafted to the Chorioallan 
toic Membrane of Embryonating Chicken Eggs 


lreinoc Serial passage 


ilation Posatino: inoculated IDS 


Immuno time of ulation into hogs pro 


type wraft period lucing typica 
he vesiculation 


4 


intradermall into the snout 


— 
4 lito 4 ‘ 
in 
i tof f 
‘ 
D 


110 KE. STuart 


plates and Sabouraud’s yeast medium were 


agar 


employed for detection of bacterial and mycotie 
contamination 


ResuLtTs 


Four known immunotypes (A, and 
») of Ve virus were successfully cultivated 
on the skin of embryonic grafted 
onto the «am. of embryonating chicken 
Type & was carried through 67 serial 
passages, while types a, C, and D were car 
ried through eight, and 11 
passages, respectively. Type B virus was 
the chosen for the work, 
whereas the other three were dis 
continued once it was that the 
virus had propagated 

The period of incubation prior to in 
oculation with virus did 
too critical since type A VE virus was seri 
ally passed eight times when the grafting 
period prior to inoculation was 24 hours 
or less (table 1). A preinoculation period 
of 24 hours and a postinoculation period 
of an additional 24 hours did not appear 
to be sufficient to attain a high degree of 
grafting, as the pigskin could be generally 
lifted without difficulty from the ¢.a.m 
When the preinoculation period was ex 
tended to 48 to 96 hours, the pigskin 
adhered to the embryo membrane and 
required incision for its separation, A 
48-hour preinoculation period in combina 
tion with a 24-hour postinoculation period 


B, C, 
pigs 
eggs 
seven, serial 
most of 


types 
evident 


one 


not appear to be 


AND 


LANKOWSK! im. J. VeT Kee 
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R.A 


appeared to be more desirable, because ex 
tension of the grafting and postinoculation 
periods resulted in some peripheral necro 
sis of the graft which could be observed 
macroscopically, 

The allantoic fluid carefully 
through an opening from the pig 
skin grafts of infected embryonating eggs 
proved infectious for susceptible swine as 
long as 96 hours following egg inocula- 
tion. This would indicate that the virus 
had found its way into the allantoic fluid 
from the multiplication. 

ln three separate trials, attempts were 
made to propagate VI virus in embryonat 


removed 
away 


source of 


ing chicken eggs in the absence of embry 
onie swine The inoculums of the 
ninth, thirty-first, and fiftieth passages of 
type B VE virus were serially 
parallel with the pigskin graft series. The 
with 0.1 
After 24 hours’ ineu 
was harvested, prepared 


tissue 


passed 


eggs were inoculated on the ¢.a.m 
ml, of the inoculum 
bation, the ¢.a.m 
as a 50 per cent suspension and serial pas 


sages continued, The inoculums prepared 
of the the fifth 
innocuous in all three instances 
oculated intradermally the 
susceptible swine 
Histology.—Microscopically, the success 
ful establishment of the graft to the ¢.a.m. 
could be demonstrated by the merging of 
the two tissues and the presence of nuele 


second to passages were 
when in 


into snouts of 


i—A 72-hour graft 
showing the merging of 
tissues of the chorioal 
lantoic membrane of a 
10-day-old embryonating 
chicken egg and embry 
onic skin tissue of swine 
x 170. 


Fig 
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VROPAGATION OF 


Fig. 2—Hydropic degeneration 

of epithelial cells in the epi- 

dermis of an infected swine skin 
graft. x 300. 


ated avian erythrocytes in the established 
blood vessels of the porcine corium (fig. 1 
Histological graftec swine 
skin on the ¢.a.m. inoculated with type B vi 
virus (passage 51) 48 hours following 
transplantation and harvested 24, 48, and 
72 hours later, respectively, did not pre 
sent consistent nor extensive cytopathologi 
cal lesions when compared with control 
grafts which were inoculated with buffered 
saline. Some of the however 
showed areas of initial hydropic degener 
ation (fig. 2) 


sections of 


sections, 


Suspensions prepared from 
grafts of the passage, when inoculated into 
swine, proved to be infectious. 


Harvested grafts picked at 
random from 22 passages in the series with 
the four types of VE virus showed no evi 
dence of complement fixation with 
homologous swine anti-VE serums. 

and 
virus in swine 


Serology. 


their 
Facili 
prohibited titration of the 
jased upon previous stud 


ties cost 
ies, the inability of infectious suspensions 
to fix complement in the presence of im 
mune indicated that the propaga 
tion of the virus by this method was mini 
mal or did not yield as much virus as can 
be expected from vesicles harvested from 
living swine following inoculation. This can 
be further substantiated by the fact that 
harvested from hogs inoculated 
with the egg-propagated virus resulted in 
excellent complement-fixation reactions 


serums 


vesicles 


VESICULAR EXANTHEMA 


Virus 


SUMMARY 


A method for the propagation of four 
immunotypes of vesicular exanthema (Vv! 
virus by xenoplastic grafting of embryonic 
pigskin to the chorioallantoic membrane 
of embryonating chicken eggs has 
Type B VE virus carried 
through 67 serial passages, whereas types 
and D Vi 
seven, and 11 times, respectively 

Sufficient virus was recovered from skin 
graft and the allantoie fluid 
of the inoculated eggs to produce extensive 
generalized vi 


been 
deseribed was 


virus were passed eight, 


SUSPeHSIONS 


and when inoculated into 


susceptible swine, but the virus concentra 
tion Was not satisfactory as an antigen for 
the direct complement-fixation test 
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Variations (Variants) of Hog Cholera Virus 
1V. Comparative Potencies of Crystal-Violet Glycerol Vaccines 
Prepared from Regular Hog Cholera Virus and 
Variant Hog Cholera Virus 


C. N. DALE, D.V.M.; M. R. ZINOBER, D.V.M.; J. P. TORREY, D.V.M. 


Washington, D. C., 


IN THE REPORT of investigations by Dale 
et al.’ of losses of hogs in farm herds in 
1949 and 1950 following treatment with 
the simultaneous serum-virus method of 
immunization, it determined — that 
these losses were due to the use of a virus 
with variant characteristics. This conelu 
sion was based partly upon results of 
experiments, reported in the above publi 
cation, using hog cholera viruses and anti 
hog cholera Additional 
that this particular virus used in the field 
variant 
tained from experiments in which erystal 
violet glycerol (ceva) prepared 
from it and regular viruses were used to 


Was 


serums evidence 


possessed characteristics was ob 


vaccines 


immunize pigs, with subsequent cross chal 
lenge of the immunity. These experiments 
were started just prior to the publication 
of U. S. Department of Agriculture news 
release 2396-49, dated Nov. 8, 1949. This 
paper presents the results obtained from 
the tests of such CvG vaccines 


some of 


COMPARATIVE TESTS OF POTENCIES OF YSTAI 


Vioter GLYCEROL VACCINES PREPARED FROM 


REGULAR AND VARIANT VIR 
MATERIAL 


BAI Virus ( This wi regular, un 
phenolized BAL virus prepared at Ames.’ The 
lethal of this 
5,000,000 prepared and 1 
6 days and also 331 days after 
stored at or 


when it was 


is i 
mint 
virus was | 


mum dlose 


when 1,000,000 
preparation, It 
had been below, for 264 
used in 
The of the 


these experiments was 


ind 726 days experiments 


1 and 


ingg Virlises 


halleng 


dete 


respectively 


used in 


From the Animal Disease and Parasite Research 


Research Service S. Depart 
Agriculture, Washington, D.( 

Dr. Dale is stationed at the 
Beltaville, Md Dr 


Cholera Research Station 


branch Agricultural 


ment of and Ames, lowa 


Animal Disease Station 
Torrey is now in charge of the Hog 


Zinober 
Researcl 


Ames, lowa; and Dr 


stationed at the Cholera 
Live Oak, Fla 

The authors express their 
DVM for the preparation of 
and for making the titrations of some of the 
to Mr Margaret Stoner B.A and W ( 
B.S... for 


is now Florida Hog 
Station 
ippreciation to ¢ Col 
regular CVG vaccine 06 
viruses and 

Amtower 


sssistance with bacteriological examinations 


and Ames, lowa 


mined at the Cholera Research Station, 


used by 


Hog 

Ames, lowa, method 

Cole et al. 
Variant 


Other 


according to the 


Virus { Used as the 
This 

Dale al., 
ated with the postvaccination losses in farm herds 
in 1949, than 1 
Both pigs injected with 1l-ce. amounts of the virus 
Neither of 


S000 ce., the 


Source of 
hog cho 


Was ASSOC! 


Variant Virus commercial 


lera virus, described by 
Its m.l.d. was not less 8,000 ee 
died from hog cholera 


with 1 
tested, nor any of the 


the 2 pigs in 
amount 
with still 
surviving pigs 
challenged later 
Additional 
found in the 


jected next lower 


pigs in jected 
smaller amounts were affected, The 
when 


proved to be susceptible 


with hog cholera virus information 
above reference 


This was 


ninth 


on this virus may be 


}) Variant Virus 14 a proved var 


iant virus representing the serial, simulta 


neous passage of virus A and serum A titration 
of this that its m.L.d. was at 
1/10,000 ee, but not as low as } 


S014 was 


least 
When 


virus showed 
100,000 ee 


variant virus tested’ for variant 


icteristies, experimental serum 1 


counteracted it in 2 6 pigs and 15 ee. of BAI 


experimental serum 1 counteracted it in 3 of 4 


suggest that the 
S014 were not marked 
stored at 10 F., or 


when it was used in 


pig This might variant char 
icteristies of variant viru 
This virus had 


for 75 days 


been below 


experiment 1 
Virus This 
prepared by pooling the defibrinated 


4) ** Variant’’ virus was 


blood of 


pigs challenged for chole susceptibility after re 


maining normal in a virus titration test. For the 


purpose of such chalk nge, the ere injeeted with 


variant virus S100, which is the second serial 


passage of variant virus A passed without serum 


Variant virus 8125, therefore represented — the 


third serial passage of virus without serum, and 


is called variant although it was not tested 
titer It had 
10 F., of 


263 days, when it was used in experiment 1 


virus, 


for variant characteristics o1 been 


stored since preparation at below, for 


5) Variant Virus 9096 Used in Experiment 


This was the seventh serial passage of variant 


virus 2 


riant 
with 


without serum. V virus 


was the ninth passage of virus serum.” A 
indicated 
that 


simultaneously with it and 15 e 


preliminary test” of variant 


that 


virus 


this virus had variant characteristies in 


pigs treated 


For further deta 


iriant virus 


i 


VARIATIONS ( VARIANTS) 


and were 


treated si 


sickened 
inadequately pigs 
multaneously with regular BAI virus 286 and 15 ce 
of the serum did sicken. The variant 
characteristies of variant 9096 
firmed in a further test in which it was compared 
with the first passage 8652) of a 
variant virus, virus H. test of 
8652 gave results” in that 
treated simultaneously the viruses 
of BAI experimental se 1 died and 
of the same serum 


of BAI experimental serum 1 


protected, while 2 


same not 


virus were con 


(virus proved 


similar 


all 

and 
all 

lived 


virus 
ind 
pigs 
15 ec, 
pigs treated 
The of 


900,000 ce 


virus 
with 
um 
with 30 ee, 
between 1 
pigs 


9096 was 
One 


and 1 


variant virus 


1,000,000 ee of 2 
of 2 pigs 
This virus 
stored 40 F., or 
147 days when used in experiment 

Glycerol This 


CVG from a 


and 1] 
injected the 
injected with the larger dose survived. 
h ad 


below, 


with smaller dose 


been since preparation at 


for 
6) Crystal-Violet Vaccine 


is a regular BAI vaccine prepared 


produced at Ames, and 
of 


prepared from defibrinated blood of an 


as routinely 


79 


regular virus, 


mixture of sublots, each which was 


individual 


pig. 
) Crystal-Violet Glycerol Vaccine This 


vaccine was prepared from variant virus 8014. It 


failed to 
against 


had 


10-ce 


tested and protect 


either in 5-ce. or 


previously 


doses ‘ xX po 


pigs 


sure Wiis 


regular BAI virus 286. However, it 


this test 
protect 


with 
in order to determine whether 
the 
against the 
Glycerol 


in 


it would against virus from which it 

Vaccine S125 This 
the blood of 


up 


is prepared o1 variant virus 
) Crystal-Violet 

prepared 
pigs 
deseribed 
+) Crystal-Violet 


pooled 
the 


icine was from 


the 


4125 


same 3 which made variant 
above 

This 


the 
selected 


Gluce rol acctne 


vecine was prepared from variant virus 
10) BAT Experimental Serum On 


tests 


basis 
this serum 
the 


characte ristics, 


of exhaustive Was 
teet 


tested 


variant virus If unknown virus to be 


had 
ith 2 ce 


variant pigs injected 


simultaneously with 15 ee. of BAI ex 


not be adequately 


true if 


would pro 


the 


serum | 
the 


perimental 


tected, whereas contrary would be 


was regular virus 
Pigs.—The 102 


obtained from 


test material 


I rperimental pigs used n ex 
the U.S 
swine-breeding herd at 
work 


response to 


Depart 


Belts 


were 


periment | 
ment of Agriculture 
le, Md 


in pigs in 


Previous has indicated differences 


thar 
litter 


immunization, 
of 
desirable to 
the 


their 


pigs developing a higher degree immunity 


others It use 


was, therefore, 
Various 


The 


groups re 


pigs ob 


representatives in 
the different 


nates as 
eelving treatments 
characteristics 
that 
different 


The monstrating sriant 


Dale ef In 


testa de 
ported b report 
different pla 
different ‘ 


} a « failed to 


H were re 
that at es and at 


gehts BAI 


shown 


and pis of experi 


ental serur n doses 


protect the same serum n 


against regular 


BAI 


iption, 


or Hog CHoLera Virus 113 


ref 
the 
prem 


tained had complete histories, especially with 
of the 


disease 


erence to the susceptibility dams and 
pigs the of the 
ises. More than 200 pigs were delivered and held 
They of 


and occurrence on 
were delivered on the day 
old All were 
a period of 17 days. About ten 
all the pigs were treated for 
percentage of this 
less than normal gains 
culled 

consolidated 
This 
febrile 


in isolation 


weaning when days obtained 


within days after 

worms 
pigs had 
A few of 
Most of 


anterior 


weaning, 
A good group of 
made n weight 
the 
them 


lobes of 


poorest were for necropsy 


the 


condition 


showed areas of 


the lungs ma 
for 
as occurring in a 
the 


unvaccinated 


pneumonic 
which were 
portion of the 


Several 


have seeounted reactions, 


recorded limited 
pigs 
including 1 


0 prior to time of exposure 


pigs, and 4 
pigs assigned to the control group, died be fore ex 


vaccinated 
excluded by animal 
of the 
the 
isolation 
the 


isolation 


Hog cholera was 


inoculation tests and by failure condition 


to spread to suseceptibl same 


ters 


pigs in pen 


pigs were vaccinated in their quar 


and, 21 


barns 


moved to 
the 


days later, were 
The 
the 


expo 


sure distance between 


quarters and exposure barnes vas about 


miles 
The 


used in 
the 
arrangements as 
They 
and 


the 


Sixty-sIX pigs were experiment 


acquired in mahher 


the lo 


were un 


the 


pigs 


pigs 


isolation 


were also kept in 
the Animal Di 


exposure Ne 


in experiment | 


after vaecination moved to 


for 


abnormal 


Station challenge 


ME 


febrile or other condition was obser 


in thems prior to exposure 


pigs 


Merinop 


Hemocultures o1 broth and igar slants were 


ind 
died or 
the ex 


made for each blood specimen, necropsic 


were on all which were 


killed 


periment 


performed pigs 


when moribund or as survivors of 


bacterial on 
blood, 


which died or 


ultures for 


of the he 


growth 


lants were mad art spleen, kid 


liver, and lung of the were 
killed 


iminations 


ney, pigs 


Similar baeteriological ex 


irt blood, 


vhen moribund 


were made of the spleer 


lung of the hallenge exposures 


three 


ind 
vaccination bys sub 
of 


that all 


were made 


cutaneous injeetion virus Bacterio 


logical examination 
free of bacteria 
Procedure Usa th 
Violet nes As stated 
vaccine from the 
from defibrinated 
hich had 


virus 


were 
oduction of Cryatal 
above, CVG 


sublots 


Glycerol 


pook d 


of vaccines hlood of 


79 pig encl been injeeted 
regular hog cholera 


BO14, CVG 


the 


('rystal t glycerol vaecine 


vaccine 


iole 
GOO68 pre pared it 
Beltsville, Md 
prepared aceording to 
Henles Vac 


frow 


S125, and ove vere 


Anima lisense Station at These 


experimental vaccines were 


the Cole and 


ach 
single 


method deseribed bys 


SOl4 and 9006 prepared 


blood fron pig \ portion 


d. Ver. Re 

sNUARY 

The 

der 

rue 


114 DALE 


this blood of each pig was stored at —40F., or 
order to strictly homologous 
virus with which to challenge pigs vaccinated with 
the vaccines. A third portion of the defibrinated 


blood from pig 8014 was used to prepare a hyper 


below, in have a 


immune serum. No hyperimmune serum was pre 


pared with 8125 or 9096 viruses. 

Method Used for Evaluating 
symptoms was used in determining whether a pig 
Pigs 
were fed once a day and closely observed at that 


Potency of Vae 


system of points assigned to various 


was adequately or inadequately protected. 


time for degree of appetite. A fair appetite was 
given a value of 1, a slight appetite a value of 2, 
and no appetite a value of 3. An animal that had 
a total of ten points or less during the three-week 
observation period after exposure was considered 
to be adequately protected, although consideration 
was also given to the degree and length of febrile 
Animals that had a total of 11 
or more during this period were considered to be 


reactions points 


inadequately protected 


ResuLTS 


In experiment 1, the 102 from 26 
litters were distributed among the 21 
treatment groups. The details of the vae 
cinations, challenge exposures, and the re 
sults are shown (table 1) 

In experiment 2, the 66 


from ten 


pigs 


ZINOBER 
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litters were distributed among the 14 
treatment groups. The details of the vac- 
cinations, challenge exposures, and the re- 
sults are shown (tabie 2 


DISCUSSION 


In experiments 1 and 2, there was evi- 
dence that pigs vaccinated with a Cva@ vac- 
cine prepared from regular hog cholera 
virus were protected when challenged with 
a regular hog cholera virus, but like pigs 
similarly vaccinated with the same dosage 
of the CVG were not as 


same vaccine 


well protected against a challenge of vari- 
This lesser protec 


ant hog cholera virus 
tion against variant oceurred even 
though the infectivity titer of the variant 
virus was at 100 times less 
than that of the regular virus. This differ 
ence in immunity was like that which has 
been demonstrated in some other virus dis- 
eases wherein animals treated with a vac- 
cine prepared from strain of virus 
varying immunity 
against different strains of virus. In foot- 
and-mouth within types 
of virus are common, especially in type a 

In experiment 1, 


virus 


least ten to 


one 


possessed degrees of 


variants 


disease. 


the 6 pigs vaccinated 


TABLE 1—Results in Experiment 1 of Cross-Immunity Tests of Pigs Vaccinated with Crystal 


Violet Glycerol (CVG) Vaccines Prepared from Regular and Variant Hog Cholera 


Va ne 


No CVG vac CVG vac 
of cine 06 cine BO14 


CVG vac 


cine 8125 


Regular 


> 2 


crops All pigs which died or were killed 


Bacteriology Salmonella enteritidis was obtained 


Salmonella typhimurium was obtained from 1 pig 
Pasteurella multocida 
test 

* For description and derivation of these products 
killed 


Sv severe reaction, and D died or 


mained normal or did not have more 


liminated from the teat after vaccination 


before the challenge exposure the lesion at ropss 


Variant 
BAI virus 


when moribund had lesions 
The 6 pigs from 


was obtained from 25 pigs that diel 


when moribund; pigs were 
than a slight reaction 


when it developed 


Viruses 


Viruse Results 


Variant Adequately 
virus viru 


BO14 


protected 


(%) 


100.0 
100.0 


100.0 


holera 
agar siant cultures f i ea from » pigs 
which the ver ol ere that died 
and 3 pigs that rmination of the 


Materials’ in text slight reaction 
otected if they re 
result of the halle ‘ ‘ ‘ tOne pig was 


a debilitating 


consideres 
as 


onditior ) } group died 


ne 14. 

2 6 
if 0 
‘ 
| not typical of | 
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with 5-ce. doses (the recommended field 
dosage) of CvG vaccine 96 were adequately 
protected regardless of whether the chal- 
lenge virus was a regular virus or a vari- 
ant virus. However, when vaccination 
doses of 2 ce. were used, only the pigs 
challenged with regular virus were ade- 
quately protected. Of 7 pigs thus treated, 
all responded favorably and 6 of them 
showed no impairment of appetite. In con 
trast to this, of the 7 pigs vaccinated with 
2 cc. of regular cvG vaccine 96 and exposed 
with variant virus 8014, 3 died, 3 had se 
vere reactions, and 1 had a slight reaction 
Thus, only 14 per cent were adequately 
protected. Of the 7 vaccinated with 2 ce 
of Cva vaccine 96 and exposed with variant 
virus 8125, 1 died, 1 had a severe reaction, 
3 had slight reactions, and 2 remained nor 
mal. Thus, 71 per were adequately 
protected 

Crystal violet glycerol vaccine 8014 
failed to produce adequate immunity in 
any of the pigs regardless of which virus 
was used for challenge. All pigs sickened 
and all except 1 died before the twenty 


cent 


first day after the challenge exposure The 
only difference observed was that most of 


TABLE 2—Results in Experiment 2 


VARIANTS) OF Hog CHOLERA Virus 
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the pigs challenged with variant virus 
8014 survived five or six days longer than 
these challenged with regular BAI virus 
286 or the variant virus 8125. Since the 
m.l.d. titer of the virus used for the prep 
aration of the vaccine was 1/10,000 ece., it 
is possible that there was insufficient virus 
to produce a satisfactory vaccine. 

Of the 6 pigs vaccinated with 5-cec. doses 
of cva vaccine 8125, only the 2 which were 
challenged with regular Bal virus 286 were 
adequately protected; both had slight re 
actions. Of the 2 pigs challenged with var 
iant virus 8014, 1 died on the thirteenth 
day and the other had a severe reaction. 
The latter pig was apparently normal on 
the eighteenth day after exposure, al 
though it had been off feed eight of the 18 
days. The 2 pigs exposed with the variant 
virus 8125 died, 1 on the tenth day and 1 
on the eleventh day. In this case, a cva 
vaccine used in recommended dosage pro 
duced adequate immunity when challenged 
with one virus (regular BAI virus 286) but 
failed to produce appreciable immunity 
against either of two other viruses, one a 
proved variant (variant ROI4) 
the other of variant 


and 
virus 


Virus 


a passage a 


of Cross-Immunity Tests of Pigs Vaccinated with Crystal 


Violet Glycerol (CVG) Vaccines Prepared from Regular and Variant Hog Cholera Viruses 


Vace 


ines 
CVG 
vaccine 


ari 


d when 
products 


ecrop died o ere kille 
* For dese thens 
Sv severe re on } died or killed when 
mained normal ¢ TD ave more than a slight re 
Prot Proteus Pap 
do not balance with the 
organism was isolated 


obtained fron 


multocida Paeudomonas 7 


of isolations number of pigs in 
from 


10 


wae norma for a 


a single pig S 
pigs which died 


then 


da was and fron 


g ame eriy 


hefore rece 


morihune 
were 
moribund 
action 
yor 
a particuls ‘ ne 1 some 


choleraeauia 


Barcteriolog 


ganismet and 
in parentheses 


in which found 


lated 


with hog cholera 
normal slight reaction 

the 
Paateu 
the numbe 


adequately protected 


holeraeauis Paat relle 


wanes at ‘ orynebacterium 


ases because more than one 


and Past, mult 


eT) 


om pigs which died 


at the termination of 


d appetite for a 


on and impair 


Viru 
va ne Ke ilar Done 
of ré ani rus r expt protected 
pigs lar int 1096" erum 1* 
10 t 
Past 
( 
t 
t 
p 
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which was strictly homologous to the virus 
used to prepare the vaccine 

The results obtained with the 2-cec. doses 
of the Cva vaccine $125 are in conformity 
with the results obtained with the 5-ce 
doses. Of the 8 pigs vaccinated with 2-ce 
doses and challenged with regular Bar vi 
rus 286, 4 remained normal, 1 had a slight 
reaction, and 3 died, the percentage hav 
ing adequate protection being 62.5 per 
cent. Of the 8 pigs vaccinated with 2-ce 
doses and challenged with variant virus 
8014, 6 died, 2 had severe reactions but 
had apparently recovered on the 18th day ; 
none were adequately protected. Of the 7 
pigs vaccinated with 2-cc. doses and chal 
lenged with variant virus 8125, 5 died and 
2 had slight reactions. Only 28.6 per cent 
were adequately protected. Thus, similar to 
the results obtained with the 8014 vaccine, 
the vaccine 8125 when 2 
amounts failed to produce adequate pro 
tection against any of the three 
The vaccine, however, gave adequate pro 


used in ce 
Viruses 


against 


not 


tection when used in doses of 5 ce 
challenge with the regular virus but 
variant virus 8014 or 
The results suggest the need of hav 
ing a titration of the virus to exclude the 
possibility that insufficient virus may be 
the factor responsible for the impotency of 
the vaccine. It would that the 
amount of variant virus required for a sat 
isfactory vaccine should be of the order of 
that which is generally satisfactory with 
the regular virus 
In experiment 2, 
with regular vaccine in 5-ce 
for field 
protected against a 


against homologous 


seem 


the 10 pigs vaccinated 
amounts, 
were 
challenge 
llowever, 
with the 


the dose recommended Se, 
adequately 
with regular hog cholera virus 
like similarly 
same the vaccine were not 
adequately protected variant vi- 
rus—3 of 10 dying of hog cholera when 
thus exposed 

As in experiment 1, pigs vaccinated with 
vaccine prepared from variant virus were 
adequately protected from challenge 
homologous variant virus or when 
challenged with regular virus. Of the 10 
pigs vaccinated with the variant vaccine, 
only 1 was adequately protected when chal 
lenged with regular virus and, of the 10 
vaccinated with the same vaccine and chal 
lenged with variant virus, only 3 were ade 
quately The mld. titer of the 


pigs vaccinated 


dose of same 


against 


hot 
with 


protected 
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virus used for the production of this vae 
cine was relatively low, thus suggesting a 
possible explanation for the low potency. 
The results shown in table 2, of the sero 
logical test of the variant virus 9096 used 
in this experiment, indicated that this vi 
had marked variant characteristics 
Doses of 5 ce and 30 ce. of BAI ex 
failed to counteract 
amounts it counter 


rus 
1D 
perimental serum 1] 
this virus. In 45-ce 
acted the virus in 1 of 2 Both pigs 
that received 60 ce. of serum were pro 
tected. In contrast, when regular virus 
286 was injected with the same doses .of 
serum, all pigs were adequately protected 
that had received 15 ce 
as well as 1 of 2 pigs that received only 5 
cc, of serum, One of the pigs injected with 
430 ee. was normal for 12 days. It then be 
came crippled, but recovered after seven 


pigs 


or more of serum, 


days’ illness. 

It would seem that one method of ap 
proach to the problem of producing a cva 
vaccine which may provide adequate pro 
tection against variant use Vi 
rus with an m.l.d. titer as high as that of 
the regular virus used for the production 
of regular CvG vaccines. Such virus may be 
obtained by proper serial passage of vari 
ant virus. The limited number of 
passages used so far have not proved satis 
for yields with high 


virus 1s to 


serial 
factory obtaining 
titers 

Over the years, close attention has been 
given by various investigators to the role 
played by Salmonella and 
Pasteurella multocida, not only as the pri 


chole 


mary causes of specific disease entities but 


also as secondary agents associated with 


viral diseases and especially hog cholera 
Studies directed specifically to this line of 
investigation have been carried on not 
only throughout these and several previous 
reports but with the field 
investigations. Only a review of such bae 
teriological will 


evaluations of results in most 


also original 


studies permit 
experiments 
dealing with comparative tests of regular 
and variant 

Failure to obtain S 
instance in experiment 
fies the elimination of 
as a factor in the final results 

While S. choleraesuis was obtained from 
10 pigs in experiment 2 (table 2) it 
not obtained from any of the 10 pigs vac 
with 


propet 


viruses 
Chole int 
] table 1 


this microorganism 


ans 


justi 


Was 


cinated regular CVG vaccine and 
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challenged with regular virus. Seven of 
the latter 10 pigs had no impaired appe 
tite and enly 1 of the 7 had a febrile reac 
tion. The impaired appetite of 2 of the 3 
so affected consisted of a slightly reduced 
appetite on one day. One of the 2 had a 
febrile reaction of 1044 F. on one day. 
The third pig had slight, fair, and fair 
appetites on days 9, 10, and 11, 
tively. During this period, it had a febrile 
reaction which varied from 105.0 to 107.2 
KF. The outcome in this group of pigs is 
another demonstration where S. cholerae 
suis Was not incriminated as a complicat 
ing factor. 

The 10 pigs in experiment 2 from which 
NS. choleraesuis was obtained consisted of 8 
vaccinated pigs and 2 controls. All 
pigs that died. It is with such results in 
vaccinated pigs that it is not always, if at 
all, determine routinely by 
means presently available whether death 
was due to hog cholera or a primary or 
choleraesuis infection. By 


respec 


were 


possible to 


secondary S 
using sufficient numbers of pigs in the dif 
ferent groups, as in this experiment, it 
may be possible to eliminate from the cal 
culations, if necessary, pigs from which S 
obtained and_ still have 
data from the re 


choleraesuis is 
statistically significant 
mainder 

Thus, in the case where S. choleraesuis 
was Obtained from 2 of the 3 pigs that died 
following treatment with regular vaecine 
96 and subsequent challenge with variant 
virus 9096, an evaluation other than that 
used in the text might limit death caused 
by hog cholera to 1 pig with the cause of 
death of the other 2 undetermined. Simi 
lar application may be given to findings of 
this nature with Past. multocida 

The results in experiment 1 did not fur 
nish information which lent itself to com 
parison between litters or litter mates of 
the degree of susceptibility to hog cholera 
or the degree of immunization response to 
vaccine. This was due to the relatively low 
immunizing potency of vaccines 8014 and 
8125 and to the 100 per cent protection of 
pigs vaccinated with 2-cc. doses of vaccine 
96 and challenged with regular virus 286 
However, each pig from seven litters in ex 
periment 1 vaccinated with 2 ec. of regular 
vaccine, and challenged with regular vi 
rus, was adequately protected despite any 
degree of immunity which 
pigs may 


low response 


any of these 7 have possessed 
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Likewise, each pig from 10 litters in ex 
periment 2 similarly treated but with a 
5-ce. dose of vaccine was adequately pro- 
tected despite any low level of immuniza 
tion response if present 


SUMMARY 
Three hog cholera crystal-violet glycerol 
were each tested for im 
in one experiment against 
In another experi 


(CVG) 
munogenicity 
three different 


Vaccines 


VIrtlses 


ment, one vaccine from the previous ex 
periment was retested and another vaccine 
was tested for potency against two viruses 


virus 


The viruses were regular BAI virus 
286; (2) variant 8014, the ninth 
serial, simultaneous passage of variant vi 
‘*variant’’ virus 8125, 
variant virus 
and (4) variant virus 

serial passage without 
virus following nine 
with serum 
CVG vaccine 96, a 


rus and serum; (3 
the third serial 
without 
9096. the seventh 
serum of a variant 
passages simultaneously 

The vaccines were (1 
vaccine prepared from a regular BAL virus ; 
(2) cva vaecine 8014 (variant), a vaecine 
prepared from the virus representing the 
ninth serial, simultaneous passage of vari 
ant virus and serum; (3) Cva@ vaecine 8125 
‘‘variant’’), a vaccine prepared from the 
third serial passage of variant virus with 
ceva vaccine 9096 (var 


passage of 


serum ; 


out serum; and (4 
iant), a vaccine prepared from the virus 
representing the seventh serial passage 
without serum of a variant virus following 
nine serial passages simultaneously with 
serum 
The 
after vaccination 
Crystal-violet glycerol vaccine 96 in 5 
ce, doses adequately protected all of 16 
when challenged by regular 
BAL Virus 286, variant virus 8014, or vari 
ant virus 8125 and adequately protected 7 
of 10 pigs (70.0%) when challenged by 
variant virus 9096. In 2-ce CVG 
vaccine 96 adequately protected all of 7 
1 of 7 pigs (14.0 %), 
of 7 (71.0%) when challenged by 
regular BAI virus 286, variant virus 8014 
and variant virus 8125, respectively 
Crystal-violet glycerol vaccine 8014 
(variant) gave no appreciable protection 
in either 5-ce. or 2-ce 
lar BAI virus 286, 
variant virus 8125 
Crystal-violet 


pigs were challenged three weeks 


pigs (100% 


doses, 
pigs (100 % and 5 


pies 


doses against regu 


variant virus 8014, or 


giveerol vaccine 


11 Dau 


doses adequately 


variant in 
tected 2 pigs (100%) and in 2-ce 
adequately protected 5 of 8 pigs (62.5 9 
when challenged by regular Bat virus 286 
It gave no appreciable protection in 5-ce 
doses against variant virus 8014 or variant 
virus 8125. In 2-ee. doses, it failed to pro 
tect any of the animals against variant 
virus 8014 but adequately protected 2 of 7 
pigs (28.6 %) against variant virus 8125 
Crystal-violet glycerol vaccine 9096 
(variant) in doses adequately pro- 
tected 1 of 10 (10.0%) when chal- 


pro 


doses 


pigs 


lenged by regular BAI virus 286 and 3 of 
when challenged by var 


10 pigs (30.0 % ) 


lant virus 9096 


(CONCLUSIONS 


1) Hog cholera erystal-violet glycerol 
(CVG) vaccines prepared from regular vi 
rus may produce less protection against 
challenge with variant hog cholera virus 
than against challenge with regular hog 
cholera virus 
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2) High quantitative titers of variant 
hog cholera virus in defibrinated blood 
from swine have not been obtained as uni- 
formly as those of regular virus. This may 
account for difficulties encountered, so far, 
in producing as potent vaccines from vari 
ant virus as from regular virus 
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The Use of Low Level Piperazine on Pigs Experimentally 
Infected with Ascaris Lumbricoides 


WILLIAM D. LINDQUIST, Sc.D. 


East Lansing, Michigan 


THE INTEREST in the class of chemical com 
pounds known as *‘piperazines’’ has been 
intense in the past several years. Most of 
the experimental and field trials have in 
volved the use of therapeutic doses This 
experiment was stimulated by the report 
of Brown and Chan,' indicating that high 
dosage of piperazine-HCL given orally to 
mice before and after infection wish em 
bryonated lumbricoides 
prevented the hatching larvae from invad 
ing the blood stream and lungs. The pur 
pose of this experiment was to try low 
level feeding a week before, and three 
weeks after, infecting ascarid-free pigs 
The animals would then be killed to deter 
mine evidence of migration or infection 


eggs of Ascaris 


MATERIALS AND Metnops 


The drug used was parvex®* (polymeric piper 
According to Leiper,” 


body 


azine-l-earbodithioie acid 
100 mg. per kilogram of 
pletely effactive 


dosed 


weight was e¢om 


lumbricoides in indi 
often 125 mg./kg 


In this experiment, 


against A. 
pigs, although 
infections. 


vidually 
was used in heavy 
10 mg./kg. per day was used. Since 
the pigs averaged about 35 Ib. (16 kg. pig 
about 160 mg. of the drug per day 
SX 


approximately 
, each 
was to receive 
in the feed 


to 8-week-old pigs eat about 
to 4 lb. dry so 53 mg. of the drug 
was incorporated in each pound of dry feed. This 
premix added to 
for one-half hour in a 


feed per day 


was done by a small which was 


100 Ib. of feed 
conerete mixer 


and mixed 
A regular pig-growing ration was 
used. 

The pigs used were Chester Whites, 8 weeks old, 
taken from 
after farrowing and raised in sereen-floored cages 


scrubbed sows one day 


thoroughly 


nutri 
pigs 
other as 


synthetic diets (as a part of 


the 


used as 


purely 
studies In 
this 
experiments, 


with 
tional 
from 
earid 
lesions nor were 
the 
80-mesh 
that 


as 18 possible 


past four years, 15 


source, controls for 


have never revealed any liver 


any asearids ever recovered while 


the 
inch 


screening contents of small intestine 


through 
believed 


per screens It is 


these pigs 


square 
are as near asearid-fre« 
From the Department of 
Health, Michigan State 
Journal article 
Station, East 


Microbiolog and Publi 


University, East Lansing 
Michigan 


1938 Agricultural Exper 


ment 
courtesy of the 


* Supplied through Upjohn 


Mich 


mazoo 


obtained by re 


moving 


infective asearid were 
the first 
earids taken from hogs at 
ing 
allowing the 
Petri 


time 


eggs 
inch of each uterine horn of as 
a packing plant, break 
small Waring blendor, and then 
embryonate for 60 
formalin At the 
Petri dishes 


them up in a 
eggs to days in 


containing 1:500 


dishes 
of infection, the material in the 
times with water 
After 
doses were placed in 000 gelatin capsules and ad 
pigs. The 


was checked by administering 


was washed several sus 


tap 


yn nded for counting counting, appropriate 


ministered orally to individual viability 
of the eggs 
0.5 ee. of the stock solution of 
tube This 


2%, 1956, ard 


ascarid 
eggs to a rat via 
a stomach rat, infected Dee, 29, 1955 


died 


Jan, necropsy revealed pneumo 


petechial hemorrhages, and consolidation of 


found in the lungs 
pigs 


conerete 


lobes. Larvae were 


the lung 


The prineipal and control were raised in 


floors and were 


The 


with 


tile-walled rooms with 


fed and watered from sterilized iron troughs 


walls and floors were thoroughly serubbed 


quaternary ammonium disinfectant, washed with 


hot tap water, and allowed to thoroughly dry be 
beginning the 


maintained 


fore experiment Separate sets of 


boots were outside each room as well 
as separate galvanized feed cans 

The pigs 
4 pigs, a, b, e, 
feed 


gelatin capsule in 


groups. In group 1, 
piperazine 
eggs by 
and 170 


were placed in 3 


were 


given the 
they 


and d, 
then 


amounts of 


received 
17, 34, 85, 


for one week, 
thousand, respectively 
like 
g, after one week on normal feed, 
170 CEES, 
were to act as ‘* worm 


In a manner, in group 2, 3 ind 


pigs, @, 
14, 85, 


received 
These 


the 


and thousand respectively pigs 


controls’ in experi 
ment, 
ceived no 


feed 


iscarid 


worm 
The y 
infee 


In group 3, 2 h and i, re 
eggs were 


were used to 


pigs, 


and maintained on normal 


indicate freedom from 


tion as well as comparative growth during the 


experiment 
The 
table 1 


results of these experiments are given in 


DISCUSSION 


Several things about the data of this ex 
The differ 
ence in weight gains between the controls 
and the infected (principal) pigs may be 
explained by the effects of the actual pas 
sage of the larvae and the respiratory em 
barrassment following. Groups 1 and 2 
infected with December 28 
and, as early as January 2, they 


periment should be explained 


were on 


were 
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TABLE 1—Effect of Continuous Piperazine * Feeding on Experimental Ascaris Lumbricoides 
Infections in Pigs 


Weight 


cain 


Initial 
veight 


Necrope 
weight 
Ib Ib.) 


firoup 1 y 64 


arug 


ormes 


frroup 2 


vorms 


{rroup 3 


controls 


Parvex 


coughing excessively and their food intake 
was diminished considerably. This proba 
bly accounted for their lower weight gain 
as compared to the controls 

Surprisingly, no young 
found developing in the small intestine al 
though ascarid lesions were present in the 
The fate of the developing larvae 
was not determined; time did not permit 
histological sections of the One 
might reason that the piperazine in the 
enteron caused the larvae to be flushed out 
but, in recent experiments,® 3-week-old As 
caris larvae were recovered from the small 
intestine of pigs on one-fifth the therapeu 
tie dose per day of the same piperazine 
The larvae in the present experiment were 
probably in the liver or lungs with some 
perhaps being excreted undeveloped. The 
fact that larvae migrated easily in rats in 
dicates that the ascarid eggs would develop 
to an infective state. 

The failure to produce experimental 
A. lumbricoides infections in pigs 
has been reported. Martin,’ in one experi 
ment with 5 pigs, failed to establish infee- 
tion but no explanation was given. De 
Boer ® had similar experiences with single 
infections in pigs and indicated that prob 
ably infection not sufficient to 
overcome individual resistance even though 
lung and liver involvement did oceur. In 
one of his experiments, 2 of 7 pigs getting 
individual doses of infective eggs died ten 
days after birth but, after 50 days, no 
worms found at of the re 
maining animals. The cause of death of 
the 2 pigs was not indicated. De Boer,’ 
using multiple infections during a period 
slightly over two months, was able to pro 
duce infection in all of 7 pigs 


Wors were 


liver 


lesions 


clean 


Was 


one 


were hecropss 


Kespirator 


Infeetive embarrass Vorms 


egg done en ment present 


17,000 
44.000 
45.000 


170.000 


14.000 
85.000 


170.000 


0 


Although Brown and Chan! were able 
to inhibit migratory phases of pig asearids 
in mice with piperazine-HCL given orally 
in large doses before and after infection, it 
does not appear that the piperazine used 
in this experiment with pigs can success 
fully inhibit Ascaris infection when ad 
ministered in the feed at the rate of one 
tenth of the therapeutic per day 
throughout the experiment and even when 
administered one week prior to infeetion 
Further studies are in using 
the same type of pigs but allowing them te 
become infected naturally while on 
fifth the therapeutic dose per day 


dose 


pre 


one 


SUMMARY 


One-tenth therapeutic dose per day of 
acid 


piperazine-1-carbodithioie 


polymeric 
given in the feed one week prior to, 
three weeks after, infection failed to pre- 
lumbricoides 


and 
vent migration of Ascaris 
larvae. Respiratory 
liver scarring resulted, although no worms 
were recovered from the small intestines of 
any of the pigs. Uninfeeted control litter 
mates showed no liver or lung involvement 
and their weight gain was slightly greater 


embarrassment and 


during the experiment 
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An Emulsion-Type Erysipelas Bacterin 
|. Duration of Immunity in Pigs Vaccinated at Weaning 


NORMAN K. JUNGK, M.A., and FRED M. MURDOCK, D.V.M. 


Nt. Jose ph, Missours 


THER! several immunizing 
agents available for the protection of swine 
against infection with Erysipelothrix rhu 

stopathiae. Two of these products, the Lo- 
renze which is the live virulent 
culture given simultaneously with immune 
serum and the Traub adsorbate bacterin * 
which is a formalin-killed, aluminum hy 

droxide-adsorbed product, are at the pres 
ent time used extensively in this country 

Both products have been proved effective 
immunizing agents by use in the field and 
by experimental evaluation.® * 

Each of the two immunizing 
however, have certain undesirable features 
The disadvantage of the Lorenze method, 
employing a live virulent culture of Ery 
rhusiopathiae which can infect man as 
well as several species of animals, is appar 
ent. The Traub adsorbate bacterin has the 
drawback of conferring an immunity of 
practical value for only two to four months 
as demonstrated by laboratory methods.* 
Neither product will give a satisfactory 
immune when used in newborn 
pigs.” 

The favorable effect on the degree and 
duration of antibody levels when an anti 
gen is incorporated into an emulsion is well 
known. The use of light mineral oil as an 
adjuvant, for this purpose, has been re- 
viewed by Freund.” The purpose of this 
paper is to report the duration of immu 
nity obtained with a formalin-killed, wa 
ter-in-oil, emulsion-type erysipelas bacterin 
when inoculated into weanling pigs 


are types of 


vaccine 


agents, 


response 


MATERIALS 


bacterin used in this experiment 
this 
Traub’s 


The adsorbate 


was prepared in laboratory aceording to 


methods based on technique.” Immuno 
of Ery. rhusiopathiae were used for 
The individual 


separate flasks con 


genie strains” 
the production of the bacterin. 


strains were inoculated into 
Department of 
Product Development, St. Joseph, Mo 
Two strains were obtained from Dr. K. Von Bakos 
State Institute, Stockholm, Sweden, and two 
from Dr. R. D Agricultural 
U.8 Department of Agriculture 


From Research Laboratories Ine 


Production and 


Veterinary 
vere obtained Shuman 
Research Service 


Washington, D. ¢ 


taining « horse meat and horse liver infusion me 


dium with peptone, phosphate salts, 5.0 per cent 


horse serum, and 1.0 per eent glucose at a final 


pH of 8.0. At the end of 36 
1.5 per cent aluminum hydroxide 


growth, 
ndded in 


volume 


hours of 
gel was 
an amount equal to 25.0 per cent of the 
of eulture for the 


centrating the antigen 


purpose of adsorbing and econ 
Formalin was then added 
to make a final cent 
After the 
had settled, the 


70.0 per 


concentration of per 


tjluminum hydroxide antigen complex 
supernatant, comprising 
cent of the 


eanted and discarded, The 


approxi 


mately total volume, was de 
remaining slightly vie 
was the bacterin which w 
bacterin 114 

This bacterin was tested for sterility in thiogly 
collate into 
mice and pigeons for a safety test. It 
both The 
was determined on mice by means of the 
Test for Bacterin,’’ The 
found to be satisfaetory, 


considered as 


cous, creamy material 


designated adsorbat« 
liquid medium and was inoculated 
was found 
satisfactory in instances immunizing 
potency 
Poteney Erysipelas 


potency test was and 


the product may be representative 
and typical of the erysipelas adsorbate bacterins 
now available in 

The emulsion 


adsorbate bacterin 114 


this country 
bacterin from the 
in the following manne: 
370 mil. of adsorbate bacterin 114, 590 mil. of 
light mineral and 40 ml, of 
oleate § were placed in an Eppenbach colloid mill 
give a stable, 
was designated ery 

The 
sterility, 


was prepared 


manide mono 


and processed for ten minutes to 


water-in-oil emulsion whieh 


bacterin 17 product was 
safety, 


same tests used 


sipelas emulsion 
found 
and poteney 
for the adsorbate 

Mixed-bred weanling pigs, from five different 
were selected at random for this 
These farm herds, located in the Northwest 
tested by the 
and found suseeptible to 


satisfactory in regard to 
as determined by the 
bacterin 114 
herds, experi 
ment 
Missouri area, had been previously 
scarificeation teehnique 
swine erysipelas. 
The challenge 
HC585, 8192, 422-1, and 
torily 


k ry 


had been satisfac 


strains of rhustopathiac, 


NF4, 


used as challenge eultures 


Meruop 


The swine were immunized on the farms where 


they were raised when approximately 8 weeks old 


United States Agriculture AKS 
cular letter ZV, Nov, 18, 1955 
bayol F, Penola Oil Co., 


arlacel A Atlas 


Department of 


Linden, N.J 
Powder Co 


Trade name 

§ Trade 
ton, Del 
Furnished by Dr iD 


name W ilming 


Shuman 
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A few pigs in each herd were ear marked and left 


unvaecinated for eontrols. In herds 1 through 4, 
bacterin 17 was in 


ham. The 40 


groups 


>» mi, of erysipelas emulsion 


oculated intramuseularly into the 


pigs in herd 5 were separated into thre 


15 were given 5 mil. of emulsion bacterin 17 into 


the ham; 15 were given 5 mil. of adsorbate bae 


terin 114 into the ham; and 10 were left uninocu 


lated as controls, The immunized and control pigs 


vere left together on the owner’s farm and under 


his care SJulaneed rations of home-grown grain 


were fed 


and protein 
After 


days, the immunity of the principal and control 


supplement 


immunization, at intervals of 107 to 237 


pigs from the different herds was challenged, The 


animals were routinely brought into the labora 


tory pens five days prior to challenge and placed 


corn and oats. Their immunity was 


with the 


on a diet of 
deseribed by 


applying 


method 
Dinter,” b 


then challenged, 


Shuman’ and Fortner and 


AND F 


M. Murpock AM. J. Res 
JANUARY 1957 


the exposure cultures to the searified, shaved skin, 


ising four vertical seratches, about 12 inches long 
ind 4 These 
enough to allow blood-tinged serous fluid to ooze, 
enough to frank bleeding. 
hour broth cultures of either Ery 
strains HC585, 8192, 422-1, or NF4 
scarifications by 


inches apart scratches were deep 


but not deep cause 
Twenty-four 
rhusiopathiac 
vere rubbed into one of the four 
means of a cotton swat 

The local reaction at each of the four searifiea 
tion sites on each pig was recorded in the follow 
R for severe fig. 1A r for mild, 


reaction (fig 


ing manner 
’ for questionable, and O for no 
IB This seoring was done by one of us without 
group the pig 
was usually of 


knowledge as to which belonged 


The reaction in a susceptible pig 


maximum intensity between 48 to hours; for 


comparison, the results of the local reaction at 48 
hours are ineluded 


Reetal temperatures were also recorded daily to 


Fig. 1—Results of the 
scarification method of 
challenge. (A) Note the 
severe local reaction (re- 
corded RRRR) at each 
of the four scarification 
marks in this erysipelas- 
susceptible pig (pig 
1051, fig. 2). (B) Note 
the lack of local reaction 
(recorded OOOO) and 
the normal healing of the 
scarification marks in this 
erysipelas-immune pig 
(pig 1049, fig. 2). 
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indicate the generalized reaction, if any. Since the 
normal temperature for swine in this environment 
was 102 to 103 F 104 during the 


ifter shown 


, only those over 


first six d challenge are 


RESULTS 


The 


alone (fig 


results of tests on herd 1 are shown 
2 The results from herds 2 


SKIN 
REACTION 


PIG TEMPERATURE 
NO DEGREES F 


RRRR 
RRRR 


104° 


104° 
& 


DAYS FOLLOWING 
CHALLENGE 

Fig. 2—Resistance of swine from herd 1 chal 
lenged 107 days after vaccination with emulsion 
17. Weight when challenged averaged 125 Ib. 
Skin reaction scored as follows: R= severe local 
reaction as seen in figure 1A; r mild but definite 
local reaction; ? slight local inflammation of 
questionable cause; and O = no local infection 

apparent (fig. 1B). 


and 4 are shown combined (fig. 3), since 
the immunity of both herds was challenged 
about the same length of time after inocu- 
lation. The data from herd 3 were omitted 
because only 50 per cent of the controls 
became infected upon challenge. The chal- 
lenge results on 31 of the original 40 swine 
in herd 5 are also presented (fig. 4 and 5). 
The remaining pigs died of gastroenteritis 
of viral origin shortly after inoculation 

The febrile responses and local reactions 
of the swine after the challenge were well 
correlated. They express the comparative 
degree of resistance to challenge with Ery 
rhusiopathiae 

Emulsion bacterin 17 elicited a marked 
degree of protection for at eight 
months after vaccination as determined by 
scarification challenge. The animals immu 
nized with this bacterin which 
mild local reaction (1056 in fig. 2, 1001 in 
fig. 4, and 1160 in fig. 5) 
slight febrile response, suggesting that a 


least 


showed a 
also showed a 


degree of immunity existed 

The pigs vaccinated with adsorbate bac 
terin 114 were placed in two groups and 
their immunity challenged, respec 
tively, 165 and 237 days later. While the 
from the bac 


Was 


immunity adsorbate-type 
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four 
have 


terin is not expected to last over 
months, the swine receiving it did 
some resistance, as evidenced by the mild 


temperatures and local reactions (fig. 4 


and 5 


DisCUSSION 


The decision to mixed-bred swine 
and to hold them on their respective farms 
was made in an effort to evaluate the effi 
cacy of the vaccine on a common type of 
swine under field conditions. These mixed 
bred swine, however, were found to be less 
uniform in their susceptibility to erysip 
than two purebred herds 
tested by authors. Since the pigs in 
each herd held under 
vironmental conditions and on farms with 
no previous history of erysipelas infection, 
it is felt that a natural variation in indi 
vidual resistance may explain the failure 
of control pig 1031 (fig. 4) to become in 
fected from the challenge exposure. This 
with this type of 


use 


infection 
the 
were 


elas 


identical en 


would not be 
host-parasite combination 

The immunizing potency of 
sion-type bacterin 
to that of the adsorbate bacterin. It also 
appears to be the Lorenze 
vaccine, which has been reported to have 
given 80 per cent protection at five months 


unique 


the emul 


seemed to be superior 


superior to 


TEMPERATURE 
DEGREES f 


SKIN 
REACTION 


hos” OOOO 
OOOO 
104° OOOO 
104° OOOO 
OOOO 


RRRR 
?RR? 
reer 
reve 
RRRR 


104° 
104° 


104° 


DAYS FOLLOWING 
CHALLENGE 
Fig. 3—Resistance of swine from herds 2 and 4 
challenged 134 and 136 days, respectively, after 
vaccination with emulsion 17. Pigs 1058, 1060, 
1061, 1057, 1059, and 1062 from herd 2 averaged 
186 lb. when challenged. The remaining pigs, 
herd 4, averaged 175 lb. (See fig. 2 for key to 
local reactions. ) 
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20 per cent at six months, and again 80 per 
cent in the group tested at seven months.” 

This superior potency of the emul 
sion-type bacterin is due to the incorpo 
ration of the antigen into an emulsion 
and is, to a certain degree, independent 
of the amount of antigen present. Emul 
sion bacterin 17 which was used in these 
experiments had only 37 per cent as much 
antigen present as a corresponding 5-ml 
adsorbate bacterin 114. Subse 
quent unpublished data indicate that the 
amount of antigen can be reduced still 
further (at least 40% further) without 
affecting the immunizing potency. 

Qne additional aspect of the 
warrants mention. The vaccinated 
with bacterin 114 appeared to 


dose of 


results 
swine 
adsorbate 


PIG TEMPERATURE SKIN 
DEGREES F. REACTION 
1001 777? 
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1098, 


° 0000 
RRRR 
RRRR 

RRRR 
RRRR 
RRRR 
?RR? 


RECEIVED 
ADSORBATE 114 


1031 
1034 
1035. 


0000 
RRRR 
» RRRR 


CONTROLS 


DAYS FOLLOWING 
CHALLENGE 


Fig. 4—Resistance of swine from herd 5 chal 
lenged 165 days after vaccination. One group re 
ceived emulsion 17 and one group received ad 
sorbate 114. Weight when challenged averaged 
232 Ib. (See fig. 2 for key to local reactions.) 
The small number of controls was the result of 
disproportionate losses due to gastroenteritis sev- 
eral weeks after vaccination. 
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PIG TEMPERATURE 


1006, 104° 
1160|__ 1104° 


SKIN 
DEGREES F. REACTION 


0000 

ORrR 
{104° 0000 
{104° 0000 
0000 


RECEIVED 
EMULSION 17 


1104° 


114 


ORrR 
?RrR 
ORrO 
RRRR 
0000 


41040 
1026. 

2 
1159) 


1104" 


1104° 


RECEIVED 
ORBATE 


1104° 


RRRR 
RRRR 
RRRR 
RRRR 


1036 
1158) 


DAYS FOLLOWING 

CHALLENGE 
Fig. 5—Resistance of the remainder of swine from 
herd 5 challenged 237 days after vaccination. One 
group received emulsion 17 and one group received 
adsorbate 114. Weight when challenged averaged 

360 Ib. (See fig. 2 for key to local reactions.) 


have more resistance at 237 days (fig. 5 
than at 165 days (fig. 4). The swine re 
ceiving emulsion bacterin 17 (fig. 2 to 5 
also showed progressively less response to 
exposure as the time between vaccination 
and challenge lengthened. In the four 
groups, during the period of 107 to 237 
days after vaccination, the percentage of 
swine showing a fever was, respectively, 
100, 40, 29, and 0. It appeared as though 
both bacterins produced a greater immu 
nity as the interval before challenge in 
creased, This anomaly might be explained 
by considering the difference in the re 
sponse to challenge exposure of swine of 
different This febrile 
less severe in the swine 
the local skin reaction 
the same for 
pigs in fig. 2 to 5 In to the 
febrile aspect, it while ex 
posing several hundred control pigs, that 


response is 
larger although 
is approximately 
control 


SIZCS 


swine of all 
addition 


SIZES 
Was observ ed 


it is not unusual for pigs weighing less 


than 100 Ib. to develop a clinical case of 
left 


chronic erysipelas if untreated fol 
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1162} __ 
1164) 
104° 
{104 
104 
104 
104 
104 
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lowing challenge exposure. This was never 
observed in larger swine. The combined 
effect of the vaccines plus the increasing 
resistance of older swine to this type of 
challenge exposure caused the vaccine-in 
duced immunity to appear greater as the 
time following vaccination increased. 

(The significance of the local reaction 
and the hypersensitivity resulting from an 
inoculation with a water-in-oil emulsion 
vaccine discussed in a companion 
paper." 


are 


SUMMARY 


A formalin-killed, aluminum hydroxide 
adsorbed, Erysipelothric rhusiopathiae bae 
terin has been combined with the emulsi 
fying agent, manide mono-oleate (arlacel 
A), and a light mineral oil (bayol F) to 
form an oil-in-water, emulsion-type 
terin. This emulsification has en 
hanced the immunizing the 
Ery. rhusiopathiae antigen considerably 
Mixed-bred pigs inoculated at weaning age 
with the emulsion bacterin developed a 
practical immunity lasting at 237 
This immunity shown to be 


bac 
pre CESS 


potency of 


least 


days. was 


superior to that produced by the adsorbate 


bacterin and it is superior to that reported 


ERYSIPELAS BACTERIN 


for the Lorenze (live virulent culture and 


serum) vaccine 
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An Emulsion-Type Erysipelas Bacterin. 11. Duration of 
Immunity Following Vaccination of Newborn Pigs 


FRED M. MURDOCK, D.V.M., and NORMAN K. JUNGK, M.A. 


St. Joseph, Missouri 


THe FACT that newborn pigs are suscepti 
ble to infection with Erysipelothric rhu 
siopathiae has been reported many times.’ 
The practical value of vaccinating newborn 
pigs against erysipelas with anti-erysipelas 
serum and live virulent erysipelas culture 
has been discussed by Shuman.’ He 
shown, by using the scarification method of 
immunity challenge,” that pigs vacei 
nated when 2 to 5 days old have a limited 
immunity at weaning time and no signifi 
cant immunity at market age.” With wean 
ling pigs, the erysipelas adsorbate bacterin 
has been shown, by laboratory methods, to 
confer an immunity lasting two to four 
months,” compared to an immunity dura 
tion of six to seven months when 
nated with the live virulent 
culture and serum.'® The live 
erysipelas have been 
Kurope to have approximately the same 
potency as the adsorbate vac 
Hence, we could not expect better 
results in newborn pigs with the avirulent 
or adsorbate immunizing agents than Shu 
man reported with the virulent live culture 
and immune serum method. There 
report, unconfirmed by others, on a supe 
rior avirulent live culture erysipelas vac 
cine produced in this country.'* 

It appears that 
immunization procedure requiring only a 
single treatment, which can be expected to 
vive immediate protection to newborn pigs, 
as well as a durable immunity lasting un 
til market 
Investigate 


4 


has 


vaccl 
erysipelas 
avirulent 
vaccines found in 


degree of 


is one 


there Is no erysipelas 


time. The purpose of this work 


is to one approach to this 
problem 

It has been demonstrated that when the 
erysipelas adsorbate bacterin 1s 
into a water-in-oil emulsion, it be 
better immunizing This 


emulsion bacterin gave a strong immunity 


Incorpo 
rated 
comes a agent 
of practical value for at least eight months 
after the 

This paper 
the emulsion-type erysipelas bacterin, with 


vaccination of weanling pigs 


presents the results of using 


Department of Pre 
Joseph, Mo 


From Research Laboratories, Ine 


luction and Product Development, St 


and without anti-erysipelas serum, on new- 
born pigs. 


MATERIALS 


The erysipelas adsorbate bacterins used in these 


experiments, and designated as adsorbate bacterin 
114 and adsorbate 


an identical 


baeterin 15, were prepared in 


manner Emulsion baeterin 17 was 
prepared using adsorbate bacterin 114 as the aque 
bacterin 4] 


is the aqueous phase. 


ous phase, while for emulsion adsor 
bate 


(Detailed information on the 


bacterin 15 was used 
production and test 
ing is given in the preceding paper 
The anti-erysipelas serum used was prepared in 


this laboratory in horses, aceording to accepted 


commercial demon 


strated to be 


technique lhe scrum Was 


sterile, and it satisfactorily passed 
the potency test on 


The Ery 


was supplied by a 


pigeons." 


rhusiopathiae live virulent culture 1 


leading reputable commercial 


producer 01 biological products 


The first 42 pigs used, in tests 1 and 2 (fig. 1 
from 6 crossbred gilts, selected from 
Hampshire boar. They 
August, 1954 

additional ery 


and 2), were 
various local herds, and a 
were farrowed within five days in 

The same 6 sows, along with 


sipelas-susceptible sows, were bred again to the 


sume boar six weeks January, 


ifter farrowing. In 
7 


1955, the & sows farrowed 


} pigs which were used 
for tests 5, 4, and 5 fig. 5, 4, and 5 
strains of h 


The challenge siopathiac 


were the same as used befor 


Mernop 


The litters of ‘ igu | rrowlng were 
held their 1 
Ihe pigs were 


with separate pens 


ident ‘ hes and were 
assigned to three gro consisting 
of approximately equa t f pigs from each 
litter. These pigs were \ ‘ ir days after 
the last sow farrow: “ i ere between 4 
and 9 days old 


These 


bacterit 


(,roup a 
emulsion 
ixillary space 

Group b The 
idsorbate bacteris 

Group ¢ Thi 
inoculated to sery 


When the pigs 


weaned and yvaecina 


forth in 


ig ere Un af 
i ‘ to each 
114 the manner 
As set \ M ernie 
ZV, June 1, 1950, I ne t 
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EMULSION-T YP! 
then put together on pasture and fed home-grown 
grain with a protein supplement. 

Test 1, 


munity of 


At 111 days after vaecination, the im 
half of the pigs 
from groups a, b, and ¢ was challenged (fig. 1) 

Test 2. 
munity of the remaining pigs of groups a, 


approximately one 


At 193 days after vaccination, the im 
b, and 


(fig. 2). 
the January, 


e was challenged 

The 73 pigs of 1955, 
were likewise identified by ear notches and 
assigned to five groups (d, e, f, g, and h 
group containing approximately equal numbers of 


farrowing 
were 
, each 
pigs from each litter. The pigs were vaccinated 
when 7 to 14 days old, sinee the youngest were 7 
days old and the sows had farrowed over a seven 
day period. 
The 14 pigs in this group were each 
bacterin 41 


Group d. 


given 5.0 ml. of emulsion divided 


equally into each axillary space. 


Group e.—These 13 pigs were likewise given 5.0 


ml. of emulsion bacterin 41, simultaneously with 
5.0 ml. of 


toneally. 


anti-erysipelas serum given intraperi 


These 14 pigs were given 5.0 mil, of 


adsorbate bacterin 15 in divided doses 


Group f. 


Group g.—-These 12 pigs were given 0.5 mil. of 


commercial live virulent culture 1 into one axillary 


space simultaneously with 3.0 ml. of anti-ery- 
sipelas serum given intraperitoneally 

Group h.—This group of 20 pigs was left un 
serve as controls 
eared for like the 


for hog cholera at 8 


inoculated to 
These pigs 
group and were 


were previous 
vaccinated 
weeks of age 

Test 3 
munity of 


At 247 days after vaccination, the im 
4 pigs from group d and 3 control pigs 
from group h was challenged (fig. 3). The remain 
ing pigs of group d were not used in this experi 
ment, 

Test 4 At 182 


of the pigs in groups e, f, g, and 


days after vaccination, the im 
munity of some 

h was challenged (fig. 4 
Test 


munity of the 


At 247 days after vaccination, the 
remaining pigs from groups e, f, g, 
(fig. 5 


and h was challenged 


periods between vaccination and 
pigs 


groups a and ¢, 


During the 


were withdrawn, 2 each from 


challenge, 4 
local 
pigs 
The clinical and laboratory diagnosis on the 


for slaughter to study the 
response to the agent, and 2 


died. 


1 which died 


immunizing 


at 5 weeks of age was salmonellosis; 
the second pig was not in suitable condition for a 
diagnosis. The remaining pigs were in good health 
during this period. 

to challenge, the animals 


Five days prior were 


brought in from the Research Laboratory Experi 
mental Farm to the laboratory pens and placed on 
Their 


skin 


a ration of corn and oats Immunity 


was then challenged by the scarifieation 
method.” 


Their 
corded (fig. 1 to 5 The 


local and generalized reactions were re 


nature of the response 
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DAYS 


Fig. 1—Results of test 1: Resistance of swine to 
erysipelas infection 111 days after vaccination 
(without the simultaneous use of anti-erysipelas 
serum). Weight of pigs at challenge averaged 
85 lb. The local reaction occurring at each of 
the four scarification marks were scored as fol 
lows: R a severe local reaction; r a mild 
local reaction; ?~ a slight local inflammation of 
questionable cause; and O no local infection 
apparent 


to the challenge, a Ne s tl method of reeord 
ing this 


paper. 


response, is in the preceeding 


Without Simultaneous Use 
of Anti-Erysipelas Serum The vacei 
and 3 (fig. 1 t 
receive immune serum simulta 
neously the bacterin. In tests 1 

2, group b was included to assess the acti 
effect of this 
adsorbate bacterin into a water-in-oil emul 
When it became obvious that the ad 


Vaccination 


nated animals of tests 1, 2, 
4+) did not 
with and 


vating Incorporating sain 


SIOTI 
sorbate bacterin was not giving a durable 
this from 
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Figures 1 to 3 indicate clearly that the 


water-in-oil, emulsion-type erysipelas bac 
terin will give a durable practical immu 
nity lasting at eight months when 
used on newborn pigs. While several pigs 
which had bacterin did 
show evidence, after challenge exposure, 
of mild erysipelas infection, only 1 pig of 
groups (1077, test 1, fig. 1) sue 
cumbed to severe erysipelas. The mild 48- 
hour skin reaction on emulsion-vaccinated 
pigs 1115 (fig. 2) and 1208 (fig. 3) was 
completely faded at 72 hours, indicating 
that the animals degree of 
practical immunity. 

The pigs in tests 1 and 2 which had re 


least 


received emulsion 


these 


possessed a 
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Fig. 2—Results of test 2: Resistance of swine to 

infection 193 days after vaccination (without the 

simultaneous use of anti-erysipelas serum). Weight 

of pigs at challenge averaged 179 lb. (See fig. 1 
for key to local reactions.) 
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ceived the adsorbate bacterin 114 did show 
a slightly less severe febrile reaction than 
the controls, but the difference was of little 
significance. 

All the control pigs in tests 1, 2, and 3, 
with one exception (pig 1101), became se 
verely infeeted with Ery. rhusiopathiae 
These pigs, as well as the group receiving 
the adsorbate bacterin 114, went off feed 
after challenge and appeared gaunt. It 
was necessary to treat these infected pigs 
with antibiotics and anti-erysipelas serum 
at the end of the observation period to re 
store them to health 

These results demonstrate, as did the ear 
lier work,'’ that the febrile response in the 
control pigs, as well as in the various vac 
cinated pigs, decreases as the pigs become 
No increase in resistance, with age, 
observed 


older 
to the local 
While this may 
ance to erysipelas as the pig ages, it is not 
with the generally prevailing 


reaction has been 


suggest a greater resist 


in accord 
opinions.** 

Vaccination with the Simultaneous Use 
of Anti-Erysipelas Serum.—Tests 4 and 5 
(fig. 4 and 5) were conducted to determine 
the practicability of using immune serum 
simultaneously with the emulsion bacterin 
The pigs in group f (adsorbate bacterin 15 
and serum) and group g (live virulent cul 
were included for com 
parison. The groups e and f re 
ceived 5.0 ml The pigs of group 
gy were vaccinated with 0.5 ml. of live viru 
lent culture and 3.0 ml. of serum. This 
dosage relationship the culture 
and serum was shown by Shuman’® to give 
excellent weanling 


pigs 


ture 1 and serum 
pigs in 


of serum 


between 


results when used on 


(fig. 4 and 5) indicate that 


the emulsion bacterin may be given simul 


The results 
taneously with anti-erysipelas serum and 
still 
eight months. As 


lasting 
tests 1 
serum 

The 
culture 
did 
velop a practical, durable immunity 

In test 4, 1 pig 
1174, fig 4 of the group challenged at 
182 days after did 
$8 hours which faded 
However. pig 


emutlsion-vaecinated 


produce an immunity over 
and 


did 


pigs 


indicated in 


”? the adsorbate bacterin with 
durable 


live 


not give a 


vaccinated with virulent and 


serum, as shown by Shuman, not de 
emulsion-vaccinated 
vaccination show a 
mild skin reaction at 
completely by 72 hours 


1222, fig. 5) in the 
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Fig. 3—Results of test 3: Resistance of swine to 

infection 247 days after vaccination (without the 

simultaneous use of anti-erysipelas serum). Weight 

of pigs at challenge averaged 276 lb. (See fig. 1 
for key to local reactions.) 


group was susceptible when challenged 247 
days after vaccination 
In both tests 4 and 
pigs which did not receive the 
bacterin (groups f, g, and h 

strated complete susceptibility 


), the 
emulsion 
demon- 


5 (fig. 4 and 5 


Disc USSION 


The potentiating effect of incorporating 
an antigen into a water-in-oil emulsion is 
well established, as indicated in the review 
by Freund.'* The reason for enhancement 
of the immunity response is not completely 
understood. The oil phase acts as a pro 
tective around the antigen, thus 
delaying its being phagocytized and elimi- 
nated *”*° and resulting in a_ prolonged 
antigenic stimulation. The degree and im 
portance of any inflammatory process elic 
ited by the oil adjuvant not been 
determined 

Unfortunately, one property of 
in-oill emulsion vaecines has presented a 
problem which has somewhat discouraged 
their man; they have, 
caused a persistent localized nodule at the 
point of inoculation. Another disturbing 
aspect of such emulsion preparations is 
their striking effect on sensitization 

The appearance of nodules following in 
oculations with emulsion immunizing prod 
ucts has been reported several times.*’ 
These nodules, which were frequently pu 
rulent, occurred in many of the patients 
and often persisted for many months. The 
studies were made 
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with various mineral oils and falba.' Later 
reports by Salk and his group ***’ indi- 
cated that by using a finer grade of oil 
(bayol F') and purified manide mono-ole 
ate (arlacel A) and by administering the 
inoculation intramuscularly the untoward 
local reaction may be eliminated. 


Distributed by Pfaltz and Bauer, Ine New York 
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Fig. 4—Results of test 4: Resistance of swine to 

infection 182 days after vaccination (with the si 

multaneous use of anti-erysipelas serum). Weight 

of pigs at challenge averaged 198 Ib. (See fig. 1 
for key to local reactions.) 
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In this experiment, the emulsion bacte- 
rin was inoculated into the axillary space. 
(ver 30 of these animals were slaughtered 
at various intervals after inoculation and 
the product was observed to cause a puru- 
lent (sterile), noninflammatory abscess in 
approximately 60 per cent of the pigs. The 
purulent material varied from about 1 to 

The abscesses gradually decreased in 
but were observed for as long as four 
Subsequent work in rabbits con- 
that the bayol 
not responsible per 


ce 
months. 
firmed the earlier reports * 
kK and arlacel A were 
se for the Further tests on rab 
bits indicated that the aluminum hydrox 
ide and the Ery. rhusiopathiae organisms, 
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Fig. 5—Results of test 5: Resistance of swine to 

infection 247 days after vaccination (with the si- 

multaneous use of anti-erysipelas serum). Weight 

ef pigs at challenge averaged 276 lb. (See fig. 1 
for key to local reactions.) 
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individually and together, in the emulsion, 
would cause the reaction. 

Reducing the dosage from 5.0 to 2.0 ml 
minimized the local reaction measurably. 
Pigs appeared to have just as good an 
immunity when challenged four months 
later with this reduced dose as when given 
the 5.0-ml. of emulsion vaccine. These 
studies are still in 

Salk et al.**:*° demonstrated that minute 
amounts of antigen will elicit antibody for 
mation when combined with oil in an emul 
Using influenza virus, they showed 
that approximately one to ten thousand 
fold less virus, beyond the point of anti 
genic extinetion of virus in saline, were 
still active in an emulsion. The 2.0-ml 
dose of erysipelas emulsion bacterin, which 
seemed to stimulate a durable immunity, 
has about 14 per cent as much antigen as 
the standard 5.0-ml 
sorbate bacterin 
to reduce the erysipelas antigenic material 
to a point where all loeal irritation would 
be eliminated and yet preserve the supe 
rior immunizing qualities of the bacterin 
Further studies should clarify this point 

It has been recognized for years that 
when an antigen is combined with certain 
adjuvants, it is capable, upon injection, of 
producing sensitization. Specifically, it 
has been shown that the addition of killed 
mycobacteria to emulsified in 
mineral oil greatly the sensitiz 
ing power of the antigen.’® It is of interest 
that the emulsion itself is inclined to 
cause the antigen to sensitize except when 
the mycobacteria are 
stated that 
with paraffin oil and 
if any, 


dose 


progress 


dose of aqueous ad 


It would appear possible 


antigens 


Increases 
not 


It also has 
serum emulsified 
falba will have little, 
effect on sensitization This is in 
teresting since, quite by accident, we no 
ticed that with our 
sipelas emulsion bacterin became sensitized 
serum. The seriousness and po 
tential danger of this type of situation is 
when realizes the importance 
and extent to which serum therapy is used 
in veterinary medicine 

The aqueous phase of the 
emulsion bacterin 
ments contained the following 
horse meat and horse liver 
num hydroxide, peptone, 


present.’ 


been equine 


pigs vaccinated ery 


to equine 


obvious one 


erysipelas 
experi 
material 
infusion, alumi 
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used in these 
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EMULSION-TyPt 
gelatin, and Ery. rhusiopathsae cells and 
soluble antigen from those cells. Pigs im- 
munized with 5.0 ml. of the emulsion bae- 
terin became sensitized to the extent that 
as little as 5.0 ml. of equine serum given 
intramuscularly into the ham four months 
later could kill 250-lb. hogs—many of 
them within five minutes. They died with 
typical anaphylactic reaction, in spite of 
adrenalin and antihistamin therapy. In 
addition to this, it was demonstrated that 
bovine serum and purified bovine albumin! 
would also produce shock in these pigs 
Conversely, emulsions in which bovine se- 
rum had been used in the original culture 
mediums in place of equine serum would 
sensitize the animal to equine serum, as 
well as bovine serum. It would be prema 
ture to attempt to draw 
cerning specificity until the results ean be 
duplicated, using a single source of protein 
for sensitization. These observations em 
phasize the necessity for caution in mar 
keting emulsion-type and bae 
terins 

The role of aluminum 
Ery. rhusiopathiae in this phenomenon is 
under investigation. Considering the phy 
logenetic relationship between Ery. rhu 
siopathiae and the Mycobacterium, one is 
inclined to suggest that they are similar in 
their capacity to induce sensitization in an 
animal when incorporated with other anti- 
genic material into an emulsion 

$y the elimination of certain constitu 
ents in the erysipelas emulsion bacterin, 


conclusions con 


vaccines 


hydroxide and 


or by using homologous serum in the me 


dium used for growing the erysipelas or 
that a 
“an be produced which will not cause se 


ganisms, it is anticipated vaccine 


rum sensitization. 


SUMMARY 


Pigs vaccinated when 4 to 14 days old 
with this erysipelas emulsion bacterin de 
veloped an immunity lasting for at 
The duration of the immu 
nity was not affected when anti-erysipelas 
the 
soth virulent ery 


least 
eight months 
serum was given simultaneously with 
emulsion-type bacterin. 
sipelas culture and serum and erysipelas 
failed to 
practical immunity under the same condi 


adsorbate bacterin produce a 


tions 


delta albumin 5 per ent solutior 


Kankakee, | 


§ Bovine plasma 
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There were two undesirable features of 
the emulsion bacterin: (1) the tendeney to 
cause persistent local reaction and (2) the 
ability to cause hypersensitivity, in the 
pig, to the proteins in the bacterin. The 
possible methods of overcoming these ob 
jectional features are discussed 
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Strain Variation in the Response of Sheep Nematodes to 
the Action of Phenothiazine. |. Studies of Mixed 
Infections in Experimental Animals 


J. H. DRUDGE, D.V.M., Sc.D.; S. E. LELAND, Jr., Ph.D.; Z. N. WYANT, A.M. 


Le rington, Ke ntuck 


THE EARLY STUDIES On phenothiazine as an 
anthelmintic in sheep established 
the efficacy of therapeutic doses in remov 
ing from the gastrointestinal 
tract. Subsequent observations, by Shorb 
and Haberman, effective 
ness Of small daily doses of phenothiazine 


nematodes 
indicated the 
in inhibiting the development of round 


which led to the 
feasible means 


worm larvae in the feces, 
use Of salt mixtures! as a 


of administering the drug. From these and 
other studies,’ the 
small daily 
azine became apparent and the principal 


production and 


general pattern of 


action of doses of phenoth 


effects of suppressing egg 
inhibiting larval development were pointed 
up. There 
slow, killing effect on the adult worms and 
activity 
Numerous investigations 


was also some evidence of a 


ingested lar 
attest to 


an adverse against 
Vae 
the value of phenothiazine for the control 
of the gastrointestinal nematodes of sheep, 
and various schedules or combinations of 
drenches and salt or mineral mixtures have 
been widely used 

increased over the de 


Coneern has 


velopment of drug-fast strains of nema 
todes from the prolonged and intensive use 
of phenothiazine, but there 
this. Sinelair 


demonstrate resistance to therapeutic doses 


has been no 


evidence of was unable to 
of phenothiazine in Trichostrongylus colu 
briformis of sheep in New Zealand. The 
phenothiazine 


extends ad 


continued effectiveness of 
salt mixtures 
been observed 

In 1953, field from the central 
Kentucky region that phenothi 
was no longer effectively controlling 
the parasites of sheep Kield 
on representative flocks in this 
1954,* that the highest 


vorm as indicated by 


over periods has 
reports 
indicated 
azine 
observations 
area 
le vel ol 
bimonth] 


revealed 


infection 


rhis in 
entucks 
and is published 
the Station and the 
Brar 


fecal eyg counts, was in the flock in which 


phenothiazine was used most extensively 
Accordingly, the present study, under con 
trolled under 
taken as a 


field 


laboratory conditions, was 


follow 


investigation of these 


observations 


train hich hb 
phenothiazine vith the 


lesignated strain | 


ormis 


partmental ewe vhieh 


th phenothiazine during the 


irs In the flock from which 


phenothiazine had been relies 

xture ne i periodic drenehe 
nematode 

eceding ear pet 

Kight lamb Cheviot 
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frou the ewes 


ised helminth free by removal 


birth and continual confinement in elevated wire 


bottom cages In each of two experiments 


imbs were infected with each train of worn 


ind | of each pair was untreated to serve " 
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infected and their 


control The 
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to 


experimentally 
from 4 to 5D lt in experiment | 


periment 


Experiment 1 lamb 
fr that were 


larvae cultured from 


from the reetun 0 evel 


flocks in 


reetls 
the respective pring 
periment were ifected a 
vith approximate! 10,000 lary 
the control lambs of experiment | 

Stronqgylod 


tublished in 


infeetion t} papitlos 


Light 


of both strait ‘ lambs im ¢ 


periment | anal lights infeetions in 


The number id 


periment 
larvae of this speek 


ind are not ineluded it 


The therapeutie 
water and administered 
quipped, dose rings 


tration and feea 


nis 
| 
been medicated wi is: | 
pr 
4 
hie ‘ 
1054 
iter im? 
ture 
Exp nt tatior 
th the ' ft ‘ 
ek, nozzle Rout 
hief the Ar I) Pa 
RS ) ng 


Drupal 


LEGEND 
* €GGS/GM FECES 
* LARVAE /GM FECES 
* 0.5 GM PHENOTHIAZINE DAILY 
$2 (25 GM 


” “ 


Py 
OATS 
Fig. 1—Egg and larval counts on lamb 48A (ex 
periment 1) infected with strain A mixed nema 
todes. 


lneluded in the observations on the lambs wer: 
egg and larval 


ufter 


daily worm counts on the feees, 


before, during, and medication, and finally 


number and species 


tract, 


i necropsy to determine the 
of worms the gastrointestinal 
Sufficient 


sample for the flotation egg count and 


remaining in 


feces were taken each day to provide a 


».0-im, sample for a larval culture For the lat 


ter, mixtures with eharcoal (experiment 1) and 


sphagnum moss (experiment were prepared in 


t-oz., serew-capped jars, and the cultures were 


routinely put through a Baermann apparatus at 
seven days for the estimation of the total number 
larvae by dilution 


of infective (third stage 


counts 
Kgg 

salt-flotation method 

10 to 50 


counts were made by modifying Stoll’s 


to provide dilution faetors 


ranging from Differential egg counts 


were made but only the total counts are presented 
In experiment l, Haemonchus con 


iverage of 99.1 per 


in this report 
fortus eggs accounted for an 
cent of the eggs in lambs given strain A and 88.4 
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per cent in the 
for 
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and Chabertia to beeome established in those 2 
lambys, 


The 


was estimated by a careful 


number of nematodes found at neeropsy 


search through aliquot 


portions of the contents and rinses of the gustro 


intestinal tract for the smaller forms (Ostertagia, 


Trichostrongylus, and Cooperia) and a complete 


eXamination of the material for the larger forms 


(Haemonehus, Chabertia, and Oesophagostomum 
To facilitate the 


search for Trichostrongylus axei, 


the abomasal wall was digested ith artificial 


gustric 
umined 


The bases for 


juice, and aliquots of the digest were ex 
microscopically (x 13 
of the 


comparing the response 


drug 
development 
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Fig. 2—Egg and larval counts on lamb 48B (ex- 
periment 1) infected with strain A mixed nema 
todes 
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With few exceptions, counts made 
daily over the 40-day period and the ob 
servations were started on the twenty-sev 
enth day after infection. 

A striking reduction (86.0%) in e.p.g. 
was associated with the first course of 0.5- 
(im. daily doses of phenothiazine in strain 
1-infected lamb 48a (fig. 1). Repeating 
this treatment #fter a two-week interval 
produced as r drop (81.0%) in e.p.g 
Following both courses of treatment, re 
covery in e.p.g. was recorded at 48 hours 
after the second dose of the drug 
plete inhibition of larval development was 
observed during both courses of treatment, 
which was followed by a recovery corre 
sponding with the post-treatment return 
of the e.p.g 

A therapeutic dose (0.25 
phenothiazine to lamb 48a 
nearly complete elimination of eggs and 
larvae from the feces at 24 hours, which 
continued until the the experi 
ment, one week after dosing 


were 


Com 


Gm. /lb of 
resulted in a 


close of 
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)5 GM PHENOTHIAZINE DAILY 

35 (25 GM | 


4 


larval counts on lamb 410A 
infected with strain B mixed 
nematodes. 


Fig. 3—Egg and 
(experiment 1) 
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Oars 
4—Egg and larval counts on 
infected with strain 
nematodes. 


lamb 410B 
B mixed 


Fig. 
(experiment 1) 


There appreciable change in 
on B-infected lamb 410a (fig 


3) during the two courses of 0.5-Gm., daily 


Was ho 


strain 


The average of the e.p.g 


dose treatments 
during the two-day medication 
was 14.5 and 15.3 per higher than 
the respective pretreatment average 
Inhibition of larval development was prac 
tically complete (93.0% during the first 
treatment period, but considerably less in 
hibition 17.0% evident during the 
second course of 

therapeutic (0.25 Gm./ib in 
lamb 4104 resulted in a marked 
in e.p.g. and complete inhibition of larval 
development at 24 hours. However, the 
e.p.g. and |.p.g. gradually increased during 
the ensuing week and tended to level off at 
about one half the predosing level 

The egg and larval 


periods 
cent 


e.pL 


Was 
treatment 
dose 


reduction 


counts on the un 
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treated control lambs for strains A and B strain B had a larger variety of species 
are shown (fig. 2 and 4, respectively The worm collections from the treated ani 

All 4 lambs were killed seven days after mals were generally in accord with the 
therapeutic dosing of 48a and 4104 and post-treatment changes in the egg and lar 
the worms in the gastrointestinal tracts val counts, which indicated a nearly com 
were recorded (table 1). Haemonchus con plete elimination of worms from lamb 48a 


fortus was the predominant species found (strain A) but only a partial removal from 


in both control lambs but lambs given lamb 410A (strain B There was no evi 
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dence of action by the 
drug in the latter lamb. 

The female H. contortus were classified 
according to their vulval process types, as 
outlined by Roberts et ai.” Of the 60 fe- 
males from control lamb 48B 
82.0 per cent were sheep strain, types A, B, 
and 18.0 per cent were cattle strain, 


species-select ive 


(strain A 


Fig. 6—Egg and larval 
counts on lamb 4W (ex 
periment 2) infected with 


strain A mixed nematodes. 
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females from the 
, 67.0 per cent 
33.0 per 


and of the 123 
$106 
and cent 
In close agreement, of the 67 
n-treated lamb 


type F, 
strain B control lamb 
were 
were type F. 
from the strain 
66.0 per cent were types A, B, OI 


types 


females 
410A 
c and 34.0 per cent were type | 


Exrpe riment 2 Kor this experiment, the 
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courses of small daily doses of phenothi- 
azine were lengthened to seven days and 
both animals of each pair were treated at 
intervals, alternately serving as controls. 
The e.p.g. and Lp.g. observations on these 
lambs are presented (fig. 5 to 8). For the 
most part, daily egg and larval counts on 
the 4 lambs were made over the three 
month period covered by the experiment, 
preliminary counts were started on 
the forty-fifth day after infection with 
larvae cultured from the controls of ex 
periment 1 

Striking e.p.g. were ob 
served in strain A-infected lambs 4H (fig. 
5) and 4w (fig. 2) when given the 0.5-Gm 
daily course of These re 


and 


reductions in 


phenothiazine 


LEGEND 
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ductions averaged 87.0 per cent with 
little recovery of e.p.g. during the post- 
treatment periods. Increasing the dose 
level to 1.0 Gm. was associated with fur- 
ther reductions of the egg counts during 
and after treatment. Subsequently, the 
eggs were nearly completely eliminated 
from the feces of these lambs by the 2.0- 
Gm. daily dose course of therapy of lamb 
4H and by a therapeutic dose (0.25 Gm. 
lb.) to lamb 4w 

Complete inhibition of larval develop 
ment was also characteristic of the cultures 
prepared during each of the various treat 
ments of strain A-infected lambs 4H (fig. 5 
and 4w (fig. 6). The return of low-grade 


larval development during the post-treat 


T 
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~ * LARVAE /GM. FECES 
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Fig. 7—Egg and larval 
counts on lamb 4T (ex 
periment 2) infected with 
strain B mixed nema 


(25 GM./LB) 


(0.5 GM/LB) 
todes. 
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1—Nematodes Recovered from Lambs in 
Experiment 1 


TABLE 


No. of worms 
Strain A Strain B 


Lamb 
4108 


Lamb 
410A 


Lamb 
458 


Lamb 
4A 


Species 


Haemonchus contortus 0 120 119 


Ostertagia spp 0 
Trichostrongylus axei 

Trichostrongylus colubriformix 

Cooperia curticei 

Chabertia avina 

Oexsophagostomum columbianum 


Oesophagostomum venulosum 


ment recovery lambs cor 
responded with the return of the aggs 

In contrast with the foregoing, only a 
moderate reduction in e p.g. Was detected 
in strain B-infected lambs 47 (fig. 7 
4x (fig. 8) with the seven-day course of 
treatment at the 0.5-Gm. per day level 
The reduction during treatment averaged 
only 18.0 per cent, with a tendency to re 
turn to pretreatment levels during the 
post-treatment period. At the dose rate of 
10 Gm. per day, a greater depression 
42.0% of the e.p.g oceurred 
during medication; the 
treatment recovery tendency was retained 
A more complete (83.0% count de 
pression occurred when lamt 7 


periods in these 


and 


averages 
however, post 
egg 
) 


47 (fig. 7 


TABLE 2—Nematodes Recovered from Lamb in 
Experiment 2 


No. of worms 


Strain A Strain # 


amb Lamb Lamb Lamb 


Species in iw ix 


Hlaemonchus contortus 


Trichostrongylus axrei 
Trichostrongylus colubriformi 
ooperia curticet 


Oexsophagostomum columbiant 


was given 2.0 Gm. daily, with only a par 
tial rebound after treatment. 

Therapeutic dosing (0.25 Gm./lb.) of 
lambs 47 and 4x effectively reduced the 
average e.p.g. during the week after treat 
ment to 7.2 per cent of the pretreatment 
average. When a second, heavier therapeu 
tie dose (0.5 Gm./lb.) was given to these 
lambs, the e.p.g. was further reduced, but 
the percentage of reduction averaged less 
TI.0% Low-grade counts persisted un 
til necropsy of lamb 4x on the eightieth 
day and ‘amb 47 on the ninety-eighth day 

The inhibition of larval development, in 


OF SHEEP NEMATODES TO PHENOTHIAZINE 


strain B-infected lambs, during the 0.5-Gm 
courses of treatment, was only 74.0 per 
cent in lamb 47 (fig. 7) and 97.0 per cent 
in lamb 4x (fig. 8); however, it was prac 
tically complete during the 1.0- and 2.0 
Gm. treatment. Rapid post 
treatment recovery of larval development 
was characteristic and corresponded with 
the rises in the e.p.g. Following the thera 
peutic doses, no larval development was 
evident until the 72-hour sampling 

The number of worms recovered at nec 
ropsy from the lambs in experiment 2 is 
shown (table 2). Of the 7 H. contortus ot 
strain A, 6 were males and the single female 

from 4w devoid of eggs in utero 


courses of 


was 


Recovery of the relatively large number of 
nodular worms from 4w was surprising in 
view of the preceding feeal examinations 
and only 3 of the 20 females were devoid 
In comparison, more H 


of eggs in utero 
contortus were found in the strain B lambs 
even though these lambs were subjected to 
much more rigorous treatment. Sex differ 
entiation of these revealed a predominance 
of males, 46 in lamb 4x and 27 in lamb 41 
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vo 


Egg and larval counts on lamb 4X (2x 
infected with strain B mixed nema 
todes 


Fig. 8 
periment 2) 
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All of 


in 


these female HH. contortus showed 
ulero 
Only female H 
were available for classification by 
type of vulval processes. From lamb 41, 


respectiy ely 


contortus of strain 


4 and 2 were types B and PF, 
and from lamb 4x, 1, 6, 1, 
types A, B, D, and F, 


and 6 were 


respectively 
DISCUSSION 
Although 


and 


the 
treatments 


procedures 


the re 


experimental 
were identical, 
sponses of nematodes of strains a and B to 
phenothiazine were remark 
ably and strikingly different 
More distinet differences between the 
strains were evident in the small daily dose 
than with the large 
Additional therapeutic 
cluding a lower dose 
indicated, 
Haemonchus 
the predominant 
This was evident 
from the 
and the recognized prolifie egg production 
capacity of H. contortus. Thus. the persist 
ency of during 
infected with strain Bb is difficult to explain 


the action of 


consistent 


trials therapeutic 
trials, in 


levels, 


doses 
range of are 
contortus appeared to be 


both 


from the worms collected 


species in Strains 


control lambs in experiment 1 


Ope treatment of lambs 
except on the basis of a relatively greater 
drug tolerance than strain A. On the other 
hand, the low level of larval development 
which persisted during treatment of strain 
B could be accounted for by the drug toler 


Additional 


elucidate 


of other 
studies have 
this point 

In both strains a and B, the bulk of the 
I contortus had 
types of vulval processes, although in both 
the than 
that reported as characteristic of HH. con 
Australia Krom 
differences be 


ance species present 


been made which 


females sheep-strain 


strains percentages were lower 


fortus from sheep in 
limited 
these strains on 


these observations, 


tween this basis were not 
evident 

Previous observations by Shorb and Ha 
indicated that 0.5 phe 
would completely arrest 


larvae in 


berman Gm. of 
nothiazine daily 
the development of 
This was the characteristic re 
the 
B showed appreciable lar 
during with 
inhibition 


level 


roundworm 
sheep feces 
strain A in study ; 


sponse of present 


however, strain 
val development 
0.5-Gm 


plete below the 1.0-Gm 


medication 


doses and Was not com 


LELAND 


their 


WYANT 


in H 


recorded by 


Marked depression 
fecal 


from 0.5-Gm. daily doses of pheno 


con 


lfortus egg counts, 
Page,' 
thiazine in lambs, is comparable to strain A 
of the present study; in contrast, 2.0-Gm 
daily doses were required to effect a simi 
lar degree of e.p.g. depression on strain B 

Krom Australia reported that 
1.0- and 2.0-Gm five days were 
effective against H/ 


columbianum In 


Gordon 
doses ror 
contortus and O¢ soph 
this study 
doses for seven days in strain aA 
apparently 
(7m for 


agostomum 
1.0-Gm 
lambs and 


produced marked 


permanent changes, whereas 2.0 


six days in strain B lambs produced less 


marked changes which were only transient 

Drenching at the 
mended therapeutic dose level (0.25 
lb was effective 
strain A, but much less 
three tests at 0.25 Gm./lb 
0.5 Gm./Ib 
appreciable numbers of 7. contortus at the 
latter dose was noteworthy, particularly in 

that the 
would invari 
adult 


generally recom 
Gam 
TeSTS 


in two against 


effective in one ot 
and two tests at 
Survival of 


against strain B 


view of the reports doses on 
order of Gm./Ib 


remove all // 


almost 


ably contortus from 
sheep 
On the basis of all of the 


criteria, strain B appeared to be more drug 


four foregoing 


tolerant than strain A and also more tole 
ant than nematodes previously 
This suggests that the 


B With 


studied by 


others as cited more 


or less continuous contact of strain 


the drug over the extended period resulted 


in the selection or development of nema 


todes possessing a relatively high threshold 
Therefor 


control of 


to the action of phenothiazine 
than effeetive 
strain B could be expected from medication 


somewhat less 
under field conditions because of the addi 
How 
regarded 
excluding 


tional variable factors encountered 


ever, these observations are not 
as sufficient evidence to Justify 
the use of phenothiazine-salt mixes as pro 
phylacties even with strain B 

Although the 
pearance of strains of 
ing equal or 
than 
Investigations 


existence or eventual ap 
nematodes 
pheno 
the 


SCO 


POSSESS 
greater tolerance 


thiazine strain B IS suggested 


present are limited in 
and the general picture should be clarified 
Until 
should — be 


and the 


by additional controlled studies 


otherwise established, strain B 


regarded several 


other factors that 


as except ional 


may account for an ap 
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parent failure or lack of effectiveness of 
phenothiazine or any anthelmintic should 
not be overlooked erap Ocsophagostomiasis of Sheep with 
to the Efficien of Phenothiazine. J, Coun 
and Indust. Res j 1939 20 206 
SUMMARY ‘Gordon, H. Vote o 1e Possible Anthe 
> . Value fo eep of othiazin Incorporate 
A comparison was made of the action of ed or Licks council ‘ and Indust. Re 
phenothiazine on two strains of sheep nem 1942): 54-5 
‘Gordon, H. MeL.: The Minimum Dose of Phenot! 
atodes that were selected on the basis of Required Roemer of 
floek history as representative of minimum ortus from Sheep Austral. Vet. J 19 194 
strain A) and maximum (strain B) con 
tact with this drug. Treatment of experi ‘ote on the Anthelmintie Efficiency of Phenoth 
mentally infeeted lambs with small daily Contortus of Sheep. J. Co 
nduat tes L107 


doses resulted in consistent and strikingly Bhork The } 


Prelit 


different responses between these strains velopment 
Thus, 0.5 Gm. of phenothiazine daily com on ae 

pletely inhibited larval development and 00 ological Revie The At 
depressed egg counts by 65 per cent in ay : Exptl. Parasite 


lambs infected with strain A; in contrast voor ‘Be 
10 Gm. and 2.0 Gm. daily were required 
for these same effects in lambs infected 
with strain B Limited experience with and Shorb, DPD. A 


matodes Parasitic in Domes eep Am 


therapeutic doses also indicated a lack of Ben 4. (1048): 84-00 


Commercial Phenothiazine in the R 
oundworms from Sheep Vet Med 


effectiveness avainst strain B nematodes ane K W Ihe Anthelmintic of Phen 
which not only had a higher threshold to ninistered in Small Daily Dosss to Lami 
Infestations of Contortus J. Comp 
the drug than strain A but also appeared p herap., 69, (1949 
more tolerant than strains of sheep nema 
Contro 
todes studied previously by other: investi 
gators. The present observations are in ac 
Feeding of 


indicated a“ lack of effectiveness of pheno rib W inja Univ Agri xp Sta. Bu 
thiazine under field conditions. These ob 5 Sehente H 


S A Preliminar Note on the Treat 


servations suggest that the prolonged use me esophagostomiasia of Sheep with Phenothiazin 
I t. and Indust. Res i2 1939 208 
S., Turner, H, N and MecKevett 
in the development or selection of drug peci Distinetness of e Ovine 
Haemonchus 


of phenothiazine in the flock has resulted 


resistant strains of nematodes possessing a 
significant level of tolerance to pheno 
thiazine 


Kuminant 
the | ‘ Te tull. 604, (19890 
ith *he zine 
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Plasma Iron and lron-Binding Capacity in Lambs 


NORMAN F. BAKER, D.V.M., Ph.D., and JAMES R. DOUGLAS, Ph.D. 


Davis, California 


As THE RESULT of the discovery of an iron 
binding component in plasma,’ the signifi 
cance of plasma iron and plasma iron 
binding capacity has been given renewed 
attention. A detailed discussion of the re 
lationship of plasma iron to metabolism 
is beyond the scope of this paper; how 


ever, excellent reports are available in the 


literature.’ 

Plasma iron is not present in the ionized 
state, but rather as a complex with a pro 
tein known as ‘‘siderophilin,’’ 
‘*transferrin,’’ or the beta-1 metal-com 
bining protein.’ As the name indicates, 
this is a beta-1 globulin and it is estimated” 
that it makes up approximately 
of the total serum protein in man 

The amount of transferrin 
not generally expressed in terms of pro 
but, rather, in terms of the 
amount of iron which may be bound by 
a given volume of plasma or serum, usu 
ally in micrograms per 100 ml. Transfer 
rin in vitro may bind up to 1.25 pg. of iron 
per milligram °; the 
normal man, it is only about one third satu 
rated? The iron-binding capacity 
of plasma has, therefore, been divided into 
two fractions; Laurell ® has designated that 
part which is bound as the manifest iron 
binding capacity and that part 
which is unbound as the latent iron-binding 
capacity (LiBc). The former is equal to the 
actual plasma or serum iron level. The 
sum of these two components may be re 
ferred to as either the saturation limit of 
serum for iron” or as the total iron-bind 
ing capacity (TBC) of plasma or serum 

In man, it has been demonstrated that 
there is a marked diurnal fluctuation in 
plasma iron levels.’* This fluetuation ap 
pears to be correlated with sleep and activ 
ity, but not with the degree of activity 
The higher plasma iron values are associ 


fraction 


3 per cent 
present 1s 


tein levels 


however, mo 


ated with sleep. It has also been found 

From the School of Veterinary Medicine, University of 
California, Davis 

The writers express their gratitude to Mra. Caroline 
Pratt for her valuable laboratory assistance ' onduct 
ing this study 

This work was undertaken as a contribut project 
to the Western Regional Project Internal Parasites of 


Ruminants 


that men have a higher mise and tise than 
do women," 

The study reported in this paper was 
undertaken with three objectives: (1) to 
determine the normal misc, Lise, and Tipe 
of lamb plasma; (2) to determine whether 


or not there is a diurnal fluctuation in the 


wipc; and (3) to determine if the iron 
binding components in wether and ewe 
lambs are significantly different 
Meriops 

Laboratory In order to evaluate the plasu 
iron-binding components it is necessary to make 
two determinations, namely, the Linc and the 
Minc (plasma iron level In this study, the 
method of Rath and Fineh employed for 


the former determination 


The majority of published procedures for the 


determination of plasma iron are based on the 


same principles, The iron is first released fro 
its complex with transferrin by itidifieation 
Plasma proteins are then removed and, by add 
tion of a suitable reducing agent, the iron is 
reduced to the ferrous state TI iron is ther 
determined colorimetrically ifter forming eon 
plexes with such reagents as thiocyanate, o-phet 
anthroline, or 2:2°-dipyridyl! 

The proceedure used in this study was the result 


of modification and combination of existing meth 


as follows 

l All glassware was washed in dichromat 
cleaning solution followed by coneentrated nitric 
iid and then placed in 2.5 per cent HCl for 24 
hours Prior to use, it ‘ rinsed n tron-free 
distilled water and dried 

,) Two milliliters of plasma (or serun 
pipetted into 15.0-ml, centrifuge tubes 

$) One milliliter of 3.2 per eent HCL was added 
mixed, and allowed to stand 30 minutes 

4) The mixture was then placed in a 90¢ 
water bath for five minutes 

5 After cooling, 2.0 ml. of 40.0 per cent t 
chloroacetic acid m was added and the n 
ture stirred 

6) The mixture was then plac ! On ¢ 
water bath for ten minutes 

7 After cooling, 1.0 ml. of iron-free distilled 
water was added and the mixture stirred and 


centrifuged 


8) Four milliliters of the supernatant were then 
transferred to a fresh 15.0-ml. tube 

%) One milliliter of 3.5 M NH,OH was then 
ndded to the seeond 

10) Five milliliters of composite reagent were 
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second tube and, after mixing, 


bath for ten 


then added to the 
the tube was placed in a 90 C, water 
minutes 


1] \ 


placed ill 


amount of the resulting mixture 
and the 
a Coleman spectrophotometer at a 
520 my. (If the 


0.05, it is 


suitable 


was cuvettes optical density 


determined in 
density 


length of optical 


than 


wave 


rends less advisable to determine 


the value on a duplicate sample after adding a 


amount of iron 
blank 


distilled 


known 
A reagent 


0 mil. of 


Wis 


using 
substitute 


prepared by 
iron free water as a 
for plasma 

13 \ 


dilutions of 


standard curve was prepared by making 


propel a stock solution prepared from 
iron 


The ace 
im the 


wire 
determined 
blood suffi 
plasma were 
The 
The 
added 
deter 
then 


iracy of this procedure was 


following manner: Samples of 


cient to allow removal of 4.0 ml, of 


obtained in heparinized syringes from sheep. 
into two 2.0-ml. samples 


plasma was divided 


equivalent of 150 wg. of iron/100 mil. was 
sam ples and the 
both of them The 


to one of the iron levels 


necurncy Was 


mined for 


ileulated om the amount of iron 
covered 

fnimals The 
first 


Wis 


from their 
following birth. They were 
weeks of age At this 


choppe d 


lambs were removed 


dams on the day 
then fed cows’ until 2 
time, the milk 


alfalfa hay 


supplemented with 


and a mineral-concentrate mixture 


erude less than 
fat, not 
than 7.5 per 


than 8.0) per 


follows protein, not 


than 2.0) per 


mince 
per 
cent; 


as 


eent; erude less 


erude fiber, not more cent: and 


ash and added minerals, not more 


cent 


The ingredients were ground barley, rolled bar 


ley, wheat, standard middlings, wheat bran, alfalfa 


meal, meat and bone seraps, soybean oil meal, 


coconut oil meal, degossypolized cottonseed meal, 


wheat germ, condensed fish solubles, ground milo, 


ground yellow corn, cane molasses, linseed oil meal, 


oil, vitamin B 


irradiated ast, vitamin A 
feed 


pantothenate, 


whol whey, 


and antibiotic supplement, 
choline 


salt 


riboflavin, niaein, caleium, 
mineralized 
manganese sulfate, 


cobalt 


chloride, ground limestone, and 


iron oxide, sodium 


containing 
thiosulfate, 


copper carbonate, carbonate, 
and diealeium phosphate 
milk fed 


cent of 


potis podide, 
The 


proximately of per 


sum 
from ap 
birth 


was increased 
body 


cent at 


amount of 
weight at 
weeks of age 


to approximately 15.0 per 


The mineral-concentrate well as 
chopped alfalfa hay, 
The lambs were 
hich 
Ifalfa has 


the lambs shed sm: 


supple ment, «as 


was fed free choice 


weaned at 3 age, at 


chopped 


months of 


time the ration was confined to 


and 0.5 oz. of salt. Although some of 
ill numbers of coecidial oocysts, 
free of 
first trial, 5 wether and 5 ewe lambs wer 
at 6:00 a.m., blood 
48 hours 
August, 

soth the 


the remained relatively helminths 
In the 
emploved samples 


(table 


1955, 


seginning 


obtained every six hours for 
This trial 


vhen the 


vere 
conducted in 
months old 


was 


lambs were MIRC 


ind Linc were determined at each sampling 


AND LRON-BINDING CAPACITY IN 
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LAMBS 


wether lambs, 1 


months 


second ¢ Xperiment, only 
old, This 


determined for each sample, but the 


time, the MIBC was 


were used 
was «de 
first and last samples 


The 


termined only for the 


Statistical Methods standard deviation 


was found by the formula @ 


the formula om was used 


error of the mean 
value found for the Tine of in 
used for the 


ing the standard 
The mean hividu 


inimals was purpose of caleulating 


the percentage of saturation (100 sine 


Analysis of data from 18 individual 
plasma samples, relative to the accuracy 
of the procedure for determining plasma 
ron revealed the following i 
148.5 pg. /100 mlb, rep 
resenting 99.0 per cent of the added iron; 
deviation of 11.0 pg./100 ml 
of the added and a 
standard error of the mean of 2.7 pg./100 
ml. or 1.8 per cent of the added iron. The 
fact that these data over a 
period of three 
the conclusion that the procedure is suffi 


levels. 
mean recovery of 


a standard 


or 7.3 per cent Iron ; 


were collected 
months lends support to 
ciently aecurate and reliable 

No specific data were obtained relative 
to the ACCUTACS of the method used in de 
termining the Lupe 
data from the lamb showing the 
fluctuation in 
viation of 25.0 pg./100 ml. and a standard 
error of 10.0 pg./100 ml. Sinee fluctua 
tions in TIBC over a period as short as 48 
would be 


; however, analysis of 
greatest 


showed a standard de 


largely due to 
procedures used for determining both the 


M IBC the that 


hours errors in 


and LIiBC, If 18 apparent 


the latter procedure was also sufficiently 


accurate 


Data are presented on the mean values 
for plasma iron-binding components of ewe 
table 1 


lambs at six 
{S-hour period 


and wether lambs & months old 
fig. 1 
hour intervals during 
table 2; fig. ] 


Analysis of 


these same 


the 


and on 


the data on individual 


wether lambs revealed a mean fluctuation 


iron (lowest to highest 
100 ml. with a 
100 ml 
100 mil 


lambs 


in plasma M 


of 75.0 pe standard devi 


20.0 pe and a standard 
error of 10.0 pe Mean fluctuation 
of individual ewe 100 


ml. with a standard deviation of 14.0 pg 


ation of 


was 56.0 


In a 

\ 
for determi: 

idl 

— 
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TABLE i1—Mean Values for Plasma Iron-Binding 
Components in Wether and Ewe Lambs 8 Months 


Old 
Manifest Latent Total 
iron iron iron 
binding binding binding Percent 
capacity capacity capacit age of 
saturation 
100 mil.) 100 mil 100 m 
Vether 13127" 19614 
lard r of the mean 
100 mil. and a standard error of 7.0 yg 
100 ml 
The percentage of saturation ranged 
from 26.0 to 59.0 per cent in the wether 
lambs and 24.0 to 54.0 per cent in the 
ewe lambs. The standard deviation was 


7.0 per cent and 6.0 per cent, respectively. 
The data wether 
lambs when 1 year of age 
tables 3 and 4; fig. 2) 
Analysis of individual data from lambs 
12 months old showed a mean plasma iron 
fluctuation for the 24-hour period of 60.0 
ml, with a standard deviation of 
17.0 pg./100 ml., and a standard error of 


collected on the 
are summarized 


same 
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ration ranged from 44.0 to 74.0 per cent 


with a standard deviation of 11.0 per cent. 


DISCUSSION 


Data (table 1; fig. 1) indicate that there 
were no significant differences between the 
plasma iron and plasma iron-binding ca 
pacity of wether and ewe lambs 8 months 
old. 

An increase in the mean plasma iron 
level ( MIBC from 131.0 pg./100 ml. to 
193.0 pg./100 ml., between the ages of & 
and 12 wether 
lambs There 
dur 


occurred in the 
l and 2 


months 
tables 1 and 3; fig 
was no significant change in the 
ing this same period 

The mise, LIBC, 
months old 


lambs & 
that of 
The values found for wether lambs 


and of 
were comparable to 
man 
12 months old, with the exception of the 
ripe, were quite different. Ramsay,'* using 
his method for the determination of plasma 
iron, has reported values in man to be some 
30 to 40 per 


ported by other workers He 


cent higher than those re 


also re 


90 peg./100 ml. The percentage of satu ported that in the case of a mature ewe 
400 T Lg T T T T T 
TIBC 
** 300 
Fig. 1—Fluctuations in 
: Sat.% = 39+3 bw the plasma iron and iron 
wn 5 binding capacity of 
200}- wether and ewe lambs 8 
«a MIBC = months of age. 
100} 
o 
400 T T T T T 
2 TIBC 
300} 
Sat.%= 40t3 
+i 
MI 
100 7 
| 
| 
0600 1200 1800 2400 0600 1200 1800 2400 


TIME 
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AND [RON-BINDING CAPACITY 


IN LAMBS 


TABLE 2—Mean Plasma Iron Values for Wether and Ewe Lambs 8 Months Old at Six-Hour 
Intervals During a 48-Hour Period 


6 a.m 
W ethers 14011 
135*-9 


Standard error of the mean 


he had found a plasma iron level of 300.0 
vg./100 ml. This latter value exceeds that 
found by the present writers in year-old 
wether lambs by approximately 33 per 
cent. If it that his pro 


can be assumed 


TABLE 3—Mean Values for Plasma Iron-Binding 
Components in Wether Lambs 12 Months Old 
Manifest 


ron-binding 
capacity 


Total 
ron binding 


Latent 


iron-binding Percentage 


capacity capacity of saturation 


19327 141710 144218 


cedure for determining plasma iron’ re 
sults in values 30 to 40 per cent higher 
than the procedure used in this work, 
it would appear that year-old wether lambs 
have plasma iron levels comparable to the 
adult ewe examined by Ramsey 
Data from ewe lambs (table 2; fig. 1 

while showing fluctuation in the plasma 
iron level, do not indicate that the fluetu 
ation was of a diurnal nature. In the case 
of the wether lambs (tables 2 and 4; fig. 1] 
and 2), there is some indication of a diur 
nal fluctuation, a minimum value occur 
ring between 12:00 a.m. and 12:00 p.m 
and a maximum value between 12:00 p.m 
and 12:00 a.m. This periodicity would 
be comparable to that in man.'* Some 
doubt as to this being a true diurnal 
is encountered when it is noted 
minor exception (wether 


old) all of the 


variation 
that with 


lambs & 


one 


months mini 


6 a.m 6pm 12 p.m 


10a 
13726 


found six hours fol 
In this respect, 
that injection 


mal values 
lowing the first sampling 

it has been demonstrated *' 
of adrenalin,® adrenocortical extract, or 
adrenocorticotrophic hormone into dogs 
produces marked hypoferremia which be 
comes maximal in six to eight hours fol 
lowing injection. The apparent diurnal 
fluctuation of wether lambs may, there 
fore, be no more than the result of hyper 
activity of the adrenal gland resulting 
from excitement brought about during 
the venipuncture procedure. The fact that 
the same reduction in plasma iron occurred 
on the second day of the first experiment, 
however, would lend support to the 
sible occurrence of a diurnal variation. It 
may tentatively be concluded that while 
may possibly show diurnal fluctu 
ation in plasma iron levels, this is not suf 


were 


pos 


lambs 


TABLE 4—Mean Plasma Iron Levels in Wether 
Lambs !2 Months Old at Six-Hour Intervals Dur 
ing a 24-Hour Period 


6 p.m 12 p.m 


165-8 


ficiently established to warrant depend 
ency on it in experimental work 

It is not, as yet, possible to establish 
definitive limits of normality in so far as 
plasma iron and iron-binding capacity in 


lambs is concerned. It would appear, how 


400 


Fig. 2—Fluctuations in 

the plasma iron and iron- 

binding capacity of 

wether lambs 12 months 
of age. 


TIBC 


Sat. % = 58+3 


193+ 7 10 —> 
334218 
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ever, that a Tipe of 290.0 to 370.0 pg./100 
ml. might well encompass the normal for 
these animals 

In 95 per cent of 8-month-old lambs, 
comparable to those used in these experi- 
ments, the saturation percentage would be 
expected to fall between 27 per cent and 
53 per cent, and when 12 months old, be 
tween 46 per cent and 80 per cent. 

If it is that in its ability to 
bind iron, ovine transferrin is similar to 
that of man, it may then be calculated 
from the work of Surgenor ef al.’ that 
transferrin is present in the amount of 
260.0 to 270.0 mg./ml. in lamb plasma and 
serum. This would correspond to 4 to 5 
per cent of the total serum protein in the 
case of the lambs used in the present study 


assumed 


SUMMARY 


The plasma iron and iron-binding capae 
ity of ewe and wether lambs, & months old, 
did not differ significantly under the con 
ditions of this experiment 

The plasma iron levels (Mince) of wether 
to 193 
8 and 12 
the 
this in 


lambs increased from a mean of 
py LOO ml 
months 
total iron-binding capacity 
iron resulted in an in 
crease in the percentage of saturation, of 
transferrin with iron, mean of 40 
to DS per cent 


between the ages of 
Since no change occurred in 


crease plasma 


from a 
It is tentatively concluded that lambs 
may possibly show diurnal fluctuation in 
plasma iron levels when undisturbed, how 
ever, this can not be depended upon when 
they maintained experimental 
conditions 


are under 
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Studies on the Mechanism of Infection of the Brain 
with Listeria Monocytogenes 


OKIMASA ASAHI, D.V.M.; TETSUYA HOSODA, D.V.M.; 
YUTAKA AKIYAMA, D.V.M. 


Tok yo, 


LisTERIOSIS has been found in many animal 
species and man. The most 
monly observed are purulent encephalitis 
and focal necrosis of parenchymatous or 
gans. Encephalitic listeriosis, particularly 
in sheep and goats, is almost invariably 
fatal. Encephalitis has been produced ex 
perimentally in mice, rabbits, pigs, and 
sheep by inoculating Listeria 
genes intranasally or into the conjunctival 
© However, the pathway by which L 
monocytogenes placed on the nasal mucous 
membrane in the conjunctival 
reached the brain to produce encephalitis 
not determined. Pallaske 
that infection of the brain might take place 
via the olfactory nerve. However, the fact 
that nervous system 
of affected animals are confined almost ex 
clusively to the brain stem contradicts this 
hypothesis. Burn ‘ 
might be infected from the blood stream 
Olson et al 
might 


lesions com 


ylo 
sac 


or sac 


was assumed 


lesions in the central 


sugyvested that the brain 


suggested that a 
with L 
monocytogenes to produce encephalitis 
The pathway by whieh L 
might the brain was investigated 
by the present authors. These studies have 
continued from the time they first isolated 
L monocytloge nes from goats with encepha 
litis in (linieal, 
histopathological observations of na 
infected 


and Olson 


virus act in collaboration 
monocytogenes 


reach 


Japan bacteriological, 
and 
turally and artificially 
suggested that L. monocytogenes might in 
the of the 

Further support for this hypothesis 
has from 
which encephalitis was readily produced in 
rabbits, mice, and goats by inoculating L 
in such a manner that the 
bacterium might be spread through the tri 
yeminal nerve. Some of these studies have 


animals 


vade brain by way trigeminal 


nerve 
obtained 


been experiments in 


monocylogenes 


From the Institute of Anima! Healt) 
Japan 

The authors gcratef 
Dr. M. L 


of Veterinary 


illy the 
Department of Animal Pathology 
Medicine, Michig State 


our thanks 


acknowledge courtes 


Gra Cal 
an Universit 
extended to 
ision of our inatitute 


of this 


Dr 


for their 


Lansing, and are 


chief of research di 


in the composition paper 


Japan 


been published in a series of preliminary 
The pres 
data ac 


reports written in Japanese 10-1 
ent communication the 
cumulated 


presents 


in these studies 


MATERIALS AND METHODS 


\ strain of I 
the 


monocytogencs designated 
Asahi eft al 1951 
a goat, was employed It was 
agar slants at 37 ¢ 
inoculation, 


the 


a concentration of 1 


isolated by in January, 


from brain of 
cultivated liver infusion 
for ‘4 For 
suspended in saline to 
milliliter of 


three 


on 


eulture was 


hours 
mg. of 
growth per saline 
The 


employed 


following routes of 


exposure 


Conjunctival Inatillation ne orf 


drops 
instilled the 
ind rabbits 

Minute 


gout 


bacterial ispension were into 


junetival sae of goats 
into the Lip 


rabbits, 


Inoculation wounds were 


made in mice, ind puncturing 


other oral mucous membranes 20 to 30 


wounds 


the lip or 
times with 
eter Ihe 


in diam 
that no 
the 


podermie needle 0.25 mm 


were 6superficial 
thereafter, 


the 


bleeding oceurred Immediately 


uspehsion was ad on 
seleeted for 
the trigeminal 


the body 


terial prepared 


irea This site was inoculation sines 


branches of nerve iré 
found in this 
Feedina Ar 


bacterial 


numerou 
part of 
elected 


irbitrarily moun 


suspension vas mixed witl 


Glial cell infiltration in medulla oblongata 
of goat 13 (7 in fig. 2). x 300 


pat 
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after boiling (Niboshi) and bean shells. 
These were fed to mice and goats, respectively, 
rough that 
made in the mouth when they are 


at a rate of 2 Gm. once a day per 


dried 


and are #0 minute invisible wounds 


may be eaten. 
This was given 
mouse, and | kg. twiee a day per goat 
Tissues for histological examination from ani 


killed 
stained 


died or were fixed in 10 
formalin and 
Weigert’s 


Lesions in the 


mals whieh were 


per cent either with hema 


toxylin-eosin or stain for baeteria in 


tissues tissue sections of artifi 


cially infeeted animals were compared with those 
infected goats and naturally 


from 5 naturally 


infeeted sheep. 
ResULTS 


Conjunctival Instillation of Goats.--One 
animal, goat 13, a Saanen, 3 to 4 months 


N. Mandibularis 


z 


Fig. 2—Distribution of lesions in the brain of goat 
13 exposed by conjunctival instillation. 


Hosopa 
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Fig. 3—Mononuclear round cell infiltration of the 
root of the trigeminal nerve from goat 13 exposed 
by conjunctival instillation. x 78. 


old, developed encephalitis similar to that 
The body tem 
105.4 F. on the day fol 
lowing instillation fairly 
constant, with only 1.0 to 2.0 F. fluctuation 
for about two weeks. The temperature then 
On 
was 


in natural infections 


perature rose to 


and remained 


dropped to its normal level of 103.1 
postexposure days 5 to 7, the animal 


listless and slight diarrhea was observed 
The same clinical symptoms appeared again 
on days 11 to 14 
no abnormality. A high leukoeyte count 
maximum, 19,000 to 21,000/mm. 


observed on days 1 to 4 and & to 14. 


The conjunctiva showed 


was 
On 
postexposure day 20, the animal was killed 
by exsanguination. Macroscopic examina 
tion the 
nervous system or other organs. 
Histologically, a small lesion consisting 
of glial cells and mononuclear leukocytes 
fig. 1). No 
lesions were seen in the other organs. The 
lesion in the localized in 
the region of the spinal tract of the tri 
geminal nerve from the pons to somewhat 
below the root of the hypoglossal nerve 
(fig. 2). Infiltrations of mononuclear leu- 
kocytes also were found in the left tri- 
particularly in the endo- 


revealed no changes in central 


was found in the brain stem 


brain stem was 


geminal nerve, 


aD 
z 
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STUDIES ON BRAIN INFECTION 


neurium from the root to the branch of the 
ophthalmic nerve (fig. 1, 2, and 3). This 
finding coincided with the faet that the 
animal had been inoculated in the left con 


TABLE 1—Artificial Infection of Mice by Inocu 
lation in Various Sites Where the Trigeminal 
Nerve Was Distributed 


» of 
Route of Eneepl 


inoculation alitis 


Nasal mucou 
membrane 
Oral mucous 
membrane 
Lip 
trum 
Parotid 
Oral cavit 


Tongue 


lasteria yloge Was 
but not from 
the medulla 


junctival sae 


from these lesions 


other 


isolated 


any organs, including 
oblongata. 

Conjunctival Instillation of Rabbits 
Kever was not any of the 4 
animals after exposure. On postinstillation 


days 2 to 3, 


observed in 


the conjunctiva was congested 
and swollen. There was excessive lacrima 
tion; the eves were sensitive to light and 
discharged a thick purulent exudate. By 
day 5, the conjunctiva was thickened by 
edema, so that the animals could not open 
their The condition then 
improved and, by day 10, they were able to 
keep their eyes open. During this period 
the leukoeyte count showed 

regular rises. In animals 1, 2 
monoeyte count gradually 


eves gradually 


frequent ir 
increased, espe 
cially in animal 2, the count being 23.9 per 
cent at the maximum. Fifteen davs after 
inoculation, the killed by 
eXsangulnation 

At necropsy, 
conjunetival 


animals were 


showed 
tur 


rabbits 1, 2. and 


congestion and corneal 


WITH 


? and 4, the 


LISTERIA MONOCYTOGENES 149 


bidity in the eves which were exposed. In 
all rabbits, the liver had five to eight small 
solid, white The other 
organs appeared cerebrum 
Ilis 


and 4 


nodules 

The 
and spinal cord showed no changes 
tological rabbits 1 
revealed no changes in the visceral organs 
other than Kimeria in the 
liver. Only rabbit 4 showed detectable al 
terations in the cerebrum 
nerve. These consisted of glial cell infiltra 
tion along the spinal tract of the trigeminal 
beginning at the corpus rhom 
boideus and continuing to the posterio 
part of the medulla oblongata, The infil 
trated areas showed a spongelike appear 
ance and were surrounded by perivascula! 
cell In the trigeminal nerve 
cell in the neu 
rium or fibers, No 
nerve 


grayish 
normal 


investigation of 


some nodules 


and trigeminal 


nerve, 


infiltrations 
infiltrations were observed 
the 
in the maxillary 
was at 


between nerve 
changes were seet 
Recovery of L 

tempted from the heart blood 
kidney, 
with negative results 


Vice 


cavity 


monocytogenes 
lung, liver 


spleen cerebrum, and conjunetiva 


The lip, gum 
parotid and tongue 
were selected for Ten 

were used for each of the inoculation sites 
The 
cluded as the site of 
(table 1 Some mice died on postinoeula 
tion days 1 to 5. They showed depression 
ruffled fur diarrhea 
CONJUNCTIVITIS 


Inoculation oT 
oral 


region 


Inoculation 


nasal mucous membrane Wiis also in 


inoculation in 15 mice 


anorexia trembling 


and but no nervous signs 


In contrast. mice which beeame ill on or 


after 


ments 


day 6 demonstrated cireling mov 
when stimuli were applied by finger 
thev began to roll 
the hindlegs 
Most ot 


or two days after 


to the eireling mice 
paralysis in all legs or only 
salivation (fig. 4 


CXNCeSSIVEG 


and 


these animals died on 


the appearance of sigus of encephalitic lis 


Fig. 4—Mice showing symptoms of encephalitic listeriosis. 
Left to right: circling movement; rolling of the body; wet face due to excessive salivation 
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teriosis similar to those observed in natural 
infections of sheep and goats 
Histopathologically, the quickly 
cases were characterized by focal 
of the organs the 
spleen, and kidney. No lesions were found 
in the brain but L 
lated from the visceral organs and blood, 
which 
lesions found 
in the brain stem (fig. 5). These were char 
acterized by infiltration of neutrophilic 
leukocytes, glial cells, and perivascular cell 
infiltration. These lesions were similar to 
those observed in natural cases of encepha 
litie listeriosis of sheep and goats. In ad 
dition, there were a few cases of a ‘‘ mixed’’ 
type which showed both cerebral lesions 
and focal the visceral 
However, in all cases of this type 
nuclear round cell infiltrations were always 


Was ISO 


fatal 
Hnecrosis 
liver, 


visceral such as 


monocytogenes Was 180 


suggesting a septicemia. In mice 


showed nervous signs, were 


necrosis nm organs 


mono 


Listeria monocytogenes 
the brain 


observed 


lated only from stem in most 


N. Mandibularis 


N. Maxillaris 


3 
E 
© 
= 
a. 
=) 
z 


Fig. 5—Distribution of lesions in the brain of a 
mouse infected through minute wounds made in 
the lip 
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animals showing nervous signs but, in the 
mixed type, the organism could 
also be isolated from the organs 
These methods of inoculation produced en 


so-called 
visceral 


cephalitis in a high percentage of the ex 
The lip seemed to be 
inoculation 


posed mice (table ] 
the effective 

In another series of experiménts, 39 mice 
were exposed through the lip. Three to 7 
mice were killed every day from 24 hours 
to eight days after inoculation. The tri 
other organs 


most route of 


geminal nerve, brain, an 
were examined bacteriologically and histo 
logically 

The 14 mice killed during the first three 
postinoculation days showed no signs of 
On day 4, 1 of the 4 mice killed 
torticollis and unusual movements 

On day 6, 4 of the 7 killed 
torticollis, trem 
rolling movement, and 
Half of the 6 
5 on day §& 
The various 
tissues of exposed animals were cultured 
slants and in broth 
first 
3 mice destroyed on day 5 


illness 
showed 
of the hindlegs 
mice showed 

bling of the body 
paralysis of the hindlegs 
mice killed on day 7 and all 
nervous 


salivation, 


showed these signs 
on liver infusion agar 
Listeria monocytogenes 
from 1 of the 
This isolation was made from the medulla 
Thereafter, the rate of 
gradually, Six 


was isolated 


isola 
tion out of 
seven on day 6 and five out of five on day 
7. Isolation of L 
cerebrum was unsuccessful throughout the 
Among the 

organs of the 39 animals cultured, L 


oblongata 


increased 
monocytogenes from the 


observation period visceral 

mono 
cytogenes was isolated from the spleen of 
6 and from the kidney of 1 

Where the organism had been inoculated 
in the lip tissues, rather marked infiltration 
consisting of both polymorphonuclear and 
mononuclear round cells was observed for 
This ob 


servation correlated with the results of cul 


eight days following inoculation 


tures of this tissue L. monocytogenes being 
isolated from the lip of all but 3 of the 28 
mice killed during the first six postexposure 
days. It also was isolated from the lip of 
2 of the 6 mice killed on day 7 but not from 
any of the 5 mice killed on day 8 Mono 
nuclear leukoecytie infiltrations were found 
throughout the trigeminal nerve, from the 
minute branches distributed in the lips to 
the maxillary nerve and then back to the 
medulla oblongata. The lesion extended to 
the root of the trigeminal nerve in 1 of the 
t mice killed after 24 2 of the 5 


hours, in 


Cry 
| = 4 
3 
2 
1 
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Fig. 6—Mononuclear round cell infiltration in the 
medulla oblongata of a mouse infected through 
minute wounds made in the lip. 22. 


after two days, and in 1 of the 5 after three 


days. Similar cellular infiltration was 
found in the medulla oblongata of 1 of the 
$ mice killed on day 4 and in 1 of the 3 
after day 5 (fig. 6). These mice developed 
slight nervous signs. Similar changes of the 
trigeminal and medulla oblongata 
were found in all mice killed on postinocu 
lation days 6 to 8. Of these, 1 
clinical and 3 no nervous signs when killed 


nerve 
showed no 


on days 7 and &, 

Inoculation into the Lip of Rabbits 
Six rabbits weighing 1.0 to 1.8 kg. were in- 
with the bacterial 
through minute wounds in 
membrane of the upper lip. 
and swelling of the inoculated area 
observed for several days after exposure. 


suspension 
the 
Congestion 
were 


oculated 
mucous 


The animals were somewhat depressed but 
gradually One suddenly died 
on postinoculation day 5. None of the ani 
mals showed remarkable 
increase of neutrophils in the blood was 
observed during the first four to five days 
after inoculation. The blood picture then 
gradually returned to No 


CVTOSIS WAS observed 


recovered, 


nervous signs. A 


normal mono 
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These animals were killed for necropsy, 
animals 1 and 2 on day 17 and animals 3, 
4, and 6 on day 27. No macroscopic lesions 
were observed either in the brain or vis 
ceral organs of any of the animals. Cul 
tures prepared from the liver, spleen, kid 
ney, heart blood, lung, cerebrum, and 
medulla oblongata failed to reveal L. mono 
cytogenes. Nevertheless, infiltrations of 
mononuclear round cells, glial cells, and 
perivascular cell infiltrations were observed 
in the trigeminal nerve and brain stem in 
all animals except 5. These changes (fig. 7) 
occurred in the trigeminal nerve tract and 
extended to the medulla oblongata. The 
were similar to those observed in 
inoculated by conjunctival 


lesions 
animals 
instillation 
Inoculation the lap of 
Eleven goats were inoculated with a rela 
tively small quantity of culture (1/500 mg 
or less All showed a slight fever on post 
inoculation days 1 to 2 and then returned 
to normal remained normal after 
this initial fever subsided, while 4 experi 
enced a second fever, ranging from 104.0 
to 105.83 F. Two or 3 days after the onset 


into Gioats 


Seven 


4 


N. Maxilfaris 
N. Mandibularis 


N. Ophthal micus 


Fig. 7—Distribution of lesions in the brain of 
rabbit 1 infected through minute wounds made in 
the upper lip. 
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of the second fever and 17 to 28 days after 
inoculation, the animals demonstrated list- 
lessness, rolling movement, torticollis, pa- 
ralysis of the masseter muscles, and sali- 
vation. The animals quickly fell into stupor 
and coma and died in one or two days (fig. 
4). The leukocyte count decreased soon 
after inoculation and then gradually re- 
turned to normal. Neutrophilia occurred as 
the nervous symptoms progressed. 

At necropsy, no macroscopic abnormali 
ties in the central nervous system or vis 
ceral organs were Cultures were 
prepared from the cerebrum, medulla ob- 
lengata, spinal medulla, spinal fluid, liver, 
spleen, kidney, adrenal gland, pancreas, 
paretid gland, heart, lung, bone marrow, 


seen. 


$23 


Hosopa 


Days 
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pulmonary lymph node, hepatic lymph 
node, renal lymph node, intestinal lymph 
node, nasal mucous membrane, oral mucous 
membrane, conjunctiva, urine, and feces 
Listeria monocytogenes was isolated from 
the medulla oblongata in 3 of the 4 goats 
(animals 41, 43, and 45) and from the 
cervical spinal medulla in 2 (animals 45 
and 45). All other cultures were negative 

Histological examination of the visceral 
organs showed no alterations. However, 
the brain and spinal cord demonstrated 
remarkable changes in all 4 goats which 
developed nervous signs. These lesions were 
essentially the same as observed in natural 
cases of listerellal encephalitis of sheep and 


goats. Goat 66 had a small lesion in the 


16 


— 


Inoculation 


| 


Inotulation 


Inoculation 


Jnocul ation 


( foddering ) 


Fig. 8—Temperature charts of goats with artificially produced 


ymptom 


Onset of symptom + 


encephalitic listeriosis (exposed 


through punctured lips). 
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TABLE 2—Distribution of Lesions in the Central Nervous System of Goats with Artificially 
Induced Encephalitic Listeriosis (Exposed Through Punctured Lips) 


Goat No 


Location 


Brain 
Olfactory bulb 
L.. frontal 


L.. parietal 
L.. piriform 
L.. temporal! 


occipita 
Corpus striatum 
Thalamus 
Cornu ammonis 
Corpora quadrigemin« 
Cerebral peduncle 
Pons 
Cerebellum 
Medulla oblongat 


Spinal cord 

Cervical 

Thoraci 

Lumbar 

sacral 
parenchymatous right 
indicate the 


Left and right columns under goat numbers refer to meningeal M. left and 
lesions, respectively The minus sign ( indicates no lesion and the plus signs and 


severity of the lesion 


meninges, while goats 41 and 43 showed — tinct types. In the most severely affected 


meningeal lesions extending from the dor 
sal middle of the medulla oblongata to the 


areas, there were diffuse and focal infiltra 
tions consisting predominantly of polymor 
This oceurred most 


phonuclear leukocytes 


root of the olfactory nerve. In general, 
medulla 


lesions in the brain stem were of four dis and 


commonly in the oblongata 


Days 
2345678 9 10 12 3 4 15 16 17 18 19 0 2 2 


Onset of Symptom 


Inoculation (foddering) 


Temperature 


Blood celis per ma’ 
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= 


fe & 6 


Fig. 9—Temperature chart and blood reaction of goat 49 infected by feeding a dried rough 
fish product. 
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pons. In other areas the infiltration con 
sisted of both polymorphonuclear and glial 
cells. In goat 66 which showed only mild 
alterations, the predominant lesion was in 
filtration of glial with perivascular 
cuffing of mononuclear cells throughout the 
affected (table 2 These findings 
were similar to those observed in naturally 
infected animals. Mononuclear leukocytes 
were observed from the maxillary or man 
dibular medulla oblongata 
through the root of the trigeminal nerve 
These lesions simulated those obtained by 
inoculating mice through minute wounds 
Other cerebral nerves such as the optic, 


cells 


areas 


nerves to the 


glossopharyngeal, vagus, accessory, and 
hypoglossal were found to be infil- 
trated with mononuclear cells. In contrast 
to the lesions in the trigeminal 


also 


nerve, the 


10 


N_ Lingualis 


3 

L 

z 


10—Distribution of lesions in the brain of 
46 infected by feeding a dried, rough fish 
product. 
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confined to 
their roots. 


lesions in these 
within about 1 


were 
from 


nerves 
to 2 em. 
Feeding of Mice Of 20 mice weighing 
12 to 15 Gm, given daily 2 Gm. of Niboshi 
dipped in a of L 


genes, 13 developed typical nervous symp 


suspension monocyto 
toms between postinoculation days 7 and 
15. They showed salivation, cireling move- 
ments, and ineoordination of the extremi 
ties followed by coma and death. At 
ropsy, only a few macroscopic changes in 
the brain and visceral organs were found 
However, histologically polymorphonuclear 
leukocytes in the brain stem and mononu 
clear leukocytes in or between the nerve 
fibers of the trigeminal were ob 
served Listeria 
lated from the brain 
which showed nervous signs 


nerve 
was ISO 
13 mice 


monocytogenes 
stem of all 
Feeding of Goats Bean shells con 
taminated with a of L 
cytogenes were given once a day for two or 
three days to & male goats, 2 to 4 months 
old. Of these, 2 goats showed fever, 104.0 
to 105.8 F. for five to six days prior to the 


onset of nervous signs which ineluded dull 


suspension mono 


ness, circling, torticollis, paralysis of mas 
seter muscles, salivation, drooping ear, and 
optical disturbances. These animals died 
within one to two days later. Immediately 
after the appearance of nervous signs, ery 

throcytosis and neutrophilic leukocytosis 
(fig. 9 At necropsy, goat 
19 showed thickening and yellowish brown 
discoloration of the medullar pia mater 
(aureomycin ® had been injected into the 
cerebrospinal cavity for therapeutic trial 

but no other macroscopic changes. Micro 
localized in the brain 
stem and along the trigeminal nerve (fig 
10). Mononuclear round cells were found 
both 
nerve fibers 


were observed 


lesions were 


in the endoneurium and between the 

(fig. 11 
Histopathology of the 

Other Nerves of 


fected Sheep and Goats 


id¢ minal and 
Vaturally In 
Since the lesions 


Cerebral 


appeared to be confined to the trigeminal 
nerve and its branches in mice, in rabbits 
and in goats with artificially induced en 
cephalitie detailed 
performed on 


listeriosis, histological! 


examinations were tissues 


from 7 naturally infected animals—5 goats 


and 2 sheep. Four of these animals were 


studied extensively, but a complete set of 


sections was not available for the other 3 


animals 


Some cellular reactions were found at 


LV 
Pa 
Cran 
CE) (- Sr 
— 4 
0 
Fig 
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both trigeminal 
The lesions were 
round 
nerve 


the root of either one or 
nerves of all the animals. 
mainly of mononuclear 
cell infiltrations in or between the 
fibers (fig. 12 Neutrophilic cells were 
often seen in the lesions in the more severe 


composed 


cases. The same cell reactions were seen at 


the periphery of the maxillary, mandibu 


lar, and lingual nerves (fig. 13 A few 
gram-positive bacilli were seen in all 4 
animals examined. In 2 animals, a goat and 
a sheep, portions of the other 11 cerebral 
nerves situated in the subarachnoid space 
showed some changes. These consisted of 
mononuclear round cell infiltrations in the 
olfactory nerve tract and in the facial and 
acoustic nerves of one goat, and in the ocu 
lomotor, facial, and 
hypoglossal nerves of 1 These 
changes were limited to the portion of the 
nerves close to the brain, viz.: within 3 em 


2 em. (facial), 2 em 


acoustic, accessory, 


sheep 


oculomotor (glos 
sopharyngeal 


from the 


and 5 em hypoglossal 


nerve root 


DIsCUSSION 


Observations made by a number of in 
vestigators, as well as by the present au 
that 


sheep 


cases of 
other 
countries as well as in Japan, are charac 
terized by involvement of the central 
nervous system. The pathogenesis of this 


thors, indicate most natural 


listeriosis in and goats, in 
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condition has been studied by 
thors. Gill' presumed that L. 
genes might invade the brain by way ot 
the nasal mucous membrane the ol 
factory nerve. He attempted to infect sheep 
by intranasal instillation and succeeded in 
producing Similar results 
were obtained in Jungherr * and 
in mice and rabbits by Pallaske.” Graham 
et and Gray et successfully pro 
duced encephalitic listeriosis in a pig and 
a rabbit, respectively, by instillation of the 
bacterium into the conjunctival sae. How 
ever, these authors failed to reach a firm 
conclusion concerning the pathway by 
which L monocytogenes placed on the nasal 
mucous membrane or in the conjunctival 
sac arrived in the brain to produce enceph 
Pallaske,’ from both experimental 
from the fact that 
showed a purulent nasal 
contained 
that L 
cytogenes placed on the nasal mucous mem 
brane reached the ethmoidal region and 
then passed to the brain via the olfactory 
nerve. lHlowever, this opinion contradicts 
the fact that the in encephalitic 
listeriosis are found almost exclusively in 
the brain stem with no lesions at the olfae 
tory bulb. Burn,® on the morphological 
aspects of the lesion, postulated that the 
entered the through the 


many au 
monocyto 


and 


encephalitis 
mice by 


alitis 
results 
sheep usually 
exudate which 
monocytogenes, 


and diseased 


sometimes 
mone 


advocated 


lesions 


bacterium brain 


11—Mononuclear round cell infiltration of the root of the trigeminal nerve in artificially 
induced encephalitic listeriosis in a goat. x 50. 
12—Mononuclear round cell infiltration in and between the nerve fibers in the root of the 


trigeminal nerve of a goat naturally infected with encephalitic listeriosis 


x 20 
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circulatory system. He injected L. mono- 
into the blood both 
rabbits and monkeys, but none of the ani- 
developed encephalitis. The only 
lesions seen were insignificant degenerative 
changes of the endothelial cells of the small 
blood vessels in the brain. Olson eft al.’ 
and Olson” suggested the possibility that 
a virus might act in collaboration with L. 
monocytogenes, but no positive evidence 
supporting this hypothesis has been found. 
Gill, Biester and Sehwarte,’* and Naer- 
lana succeeded in producing encephalitis 
in sheep by intranasal, subcutaneous, and 
intravenous inoculations 

The present authors inoculated 
with L. monocytogenes by intranasal, sub 


cytogenes vessels of 


mals 


goats 


aris 


N Mandibul 
N Lingualis 


Mosillaris 


3 
3 
$ 


--© 


Distribution of lesions in the brain of 
naturally infected goat 531. 


Fig. 13 
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intraperitoneal, intravenous, 


and intracerebral inoculations 


cutaneous, 

intracarotid, 
but did not produce lesions of encephalitis 
as are found in naturally infected animals 
in which the lesions are distributed selec 
tively in the brain stem Slight lesions 
were produced in the brain, but the distri- 
bution of these lesions was irregular with- 
out any tendency toward localization in the 
brain stem. In most instances, lesions also 
were found in the Intra 
carotid inoculation produced lesions in the 


visceral organs. 
meninges and ependyma of the cerebral 
ventricles and aqueduet, accompanied by 
lesions in the cerebral 
and in the visceral particularly 
the liver. Intracerebral pro 
duced lesions throughout ner 
vous system and ally 
changes in the other organs. In 
conjunctival instillation in a goat produced 
pathological changes similar to those ob 
served in naturally infected animals even 
though they no signs of central 
nervous system disturbance. In this goat, 
the found in the and 
medulla Moreover, the most 
characteristic finding that the lesions 
were localized in the spinal tract of the 
trigeminal nerve and, furthermore, in the 
trigeminal nerve on the side where L. mono 


adjoining tissues 
organs, 
inoculation 
the central 
without 
contrast, 


meninges 


show ed 


lesions were pons 
oblongata 


Was 


cytogenes was inoculated, a fact suggesting 
invasion of the bacterium through the tri- 
geminal nerve 

Attempts also were made to produce en 
cephalitis in mice, rabbits, and goats by 
conjunctival directed at the 
ophthalmic nerve application of 
the organism to the oral and nasal mucous 
membranes after making minute wounds, 
directed at the maxillary, mandibular, and 
lingual nerves. Further studies imitating 
the probable method of natural infection 
were carried out by feeding Niboshi con 
taminated with L. monocytogenes. By this 
method, the inoculated animals 
developed enecephalitic symptoms. Clinical 
findings on these animals were quite similat 
to those observed in naturally infected ani 


instillation, 
and by 


many of 


Lesions in these animals were local 
nerve 


mals 
ized chiefly the 
L.. monocytogenes was isolated from them 
These findings suggest that L 
genes spreads to the medulla oblongata by 
way of the trigeminal nerve. In support 
of this, naturally 
infected sheep and goats revealed selective 


trigeminal and 


monocyto 


histological studies on 
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distribution of the lesions in the trigeminal 
nerve and its branches 


SUMMARY 


A 


logenes 


inoculated with Listeria monocy 
by conjunctival instillation, al 
though not showing signs of infection, de 
veloped lesions along the trigeminal nerve, 
from the to the brain stem. Similar 
lesions were produced in rabbits by con 
junetival instillation and inoculation 
through minute wounds in the lip, even 
though the animals 
matic. Encephalitiec 
duced in mice either by applying 
ganism minute wounds in the oral 
nasal mucous membranes or by feeding 
small fish dried after boiling (Niboshi 
soaked with a suspension of L. monocyto 
The methods of inoculation 
were used suceessfully to produce typical 
encephalitic listeriosis in goats. The lesions 
found in artificially 


goat 


eve 


remained asympto 


listeriosis was pro 
the or 


on or 


same 


infectaal animals were 
essentially the same in character and dis 
tribution in 

infected results 
that, in 


listeriosis, 


observed 
These 
occurring encephalitic 
invades the 
membranes and 
nerve to the 


those naturally 


suggest 


as 

animals 

naturally 
L. 


nasal 


monocytogenes 
oral 
travels along the trigeminal 


or mucous 


brain stem 
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Preliminary Studies on Some Effects of a New Thiobarbiturate 
in the Dog 


ROBERT S. BRODEY, D.V.M., and JOHN E. MARTIN, V.M.D. 


Philadelphia, Pennsylvania 


THe stupy described here was undertaken 
to evaluate some of the anesthetic proper- 
ties of a new thiobarbiturate in the dog 
The drug under investigation is the so 
dium salt of methyl-thio-ethyl-2-pentyl 
thio-barbituric acid and has tentatively 
been designated as Seh 3132. Like thio 
pental and other thiobarbiturates, this 
compound is an ultrashort-acting barbitu 
rate. Laboratory studies indicate that its 
anesthetic potency in the dog is approx) 
mately two thirds that of thiopental and 
that both an equivalent 
amount of respiratory depression. It is 
somewhat more likely to produce laryngo 
Some reports have 


drugs produce 


spasm and salivation 
appeared in the Kuropean 
the clinical use of the compound in small 


literature on 


animals 


MATERIAI Mt 


\ total of 54 « 
different dogs 
follows 


xperiments were 


perto 
experiment 


groupe das 


Dose of 
thiobar 


received 


gr 
idministration of the 


Phe 


fute in a 


animals in group o itropine su 
U.0 mg 


prior to 


dose of intramuseu 
half 
thiobarbiturate 


lected 


larly, one hour 


thiobarbiturate 


wis in 


This 


instances, the 


intravenously in a 5 per cent solution 


as prepared immediately before usc 


The following were observed in each experi 


Pharmacole 


From the Department o 
Department of Il iolo 
‘school of Veterinar Medi 
inia, Philadelphia 

This investigation wa 
Corp., Bloomfield, N. J 
been design 
eraval sodium 


thiogena 


ment: pulse rate, breathing rate, reflex activity, 


degree of salivation and muscular relaxation, and 


the induction and 
anesthesia The 


level of anesthe 


character of the recovery pe 


riods of reflexes employed in 
sia were the palpe 
The 


of re 


evaluating the 
tone. 


ise le 


cle gree 


bral, pad-pinch, and masseter n 


latter consisted of determining the 
sistunce in opening the jaws 

The rate of 
timed carefully At 
recordings 
drug 
lowing 


injection of the anesthetic was 


least control group of 


one 


were made prior to injection of the 


Observations were m one minute fol 


injection and therea r at five-minute in 


tervals animal was 


ible to 


during 


raise its sternum 


Dosage and Rate of Injection The dos 
the manufacturer of 
per kilogram of body 

this was employed 
group 


age recommended by 


Sch 3132 was 45 mg 
weight and, therefore 
in the largest group of experiments 
} With this 
of 40 seconds, a satisfactory level of surgi 
anesthesia achieved, although 1 
animal died shortly after The 
rate of injection appears to influence the 
the When 45 mg./kg 
90 respiratory de 
ap 
experiments 
kg., these ef 


7 animals 


dose given within a period 


cal Was 
injection 
activity of drug 


was given in seconds, 


mere ased and 
the 


60 


pression Was CYVanosis 


peared in three of eight 
With 
fects were also observed and 2 of 
died than 45 


29 5 or did not produce ley 


doses of 50 or me 


Doses lower kg if 


50.0 


els of surgical anesthesia 


my 
mg. /kg 
Induction and Recovery In general. 
induction 
were smooth and rapid 
excitement 
3132 and, within one minute 


and recovery from anesthesia 


There Was ho ob 
injection of Sch 


after admin 


VIOUS during 


a suitable dose, the dogs were 


With which 


surgical anesthesia (45 


istration of 
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mg ky 


the 


raise its 


levels of 
the average time 
drug until the animal was able to 


from injection of 
head was 48 minutes, with a range of 16 to 
91 minutes (fig. 1 
stand in an average of 68 minutes after in 
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were usually associated with the larger 
doses but some individual animals showed 
considerable variation with the same doses. 
Only 1 dog showed excitement during re- 
covery, although all animals exhibited 
some degree of ataxia for a short period of 
time after getting up. 

Breathing Rate (Fig. 2).—In all experi 
ments in which a dose of 45 mg./kg. or 
more was employed, a marked reduction in 
breathing rate occurred within five min 
utes after injection of the thiobarbiturate 
In general, the average rate was reduced 
to approximately one half of the control 
value and this lowered rate persisted for 
up to 45 minutes. In four experiments, 
respiratory paralysis and death oecurred 
within five minutes after injection of the 
drug (see under ‘‘ Mortality’’ 

Pulse Rate (Fig. 2).—Tachyeardia was 
a constant feature of the action of Seh 
3132. This occurred within five minutes 
after injection of the drug and was most 
marked when doses of 45 mg./kg. or larger 
used. The rate persisted 
for approximately 30 minutes, although in 
the experiments in which 45 mg./kg 
given which 
was employed, it persisted for 


were increased 
was 
in 90 seconds, or in those in 
60 mg./kg 
longer periods of time 
Reflex Activity.—The 


palpebral reflex 


DOSE 
MG/KG 


TIME 
(SEQ) 


22.5 20 


Fig. 1—The effect of 
various doses and rates 
of injection of Sch 3132 
on the duration of anes- 
thesia. The bars indicate 
average times; the fig 
ures at the end of the 
bars indicate ranges. 
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was never completely absent in any of the 
experiments. In approximately 50 per 
cent of the experiments in which doses of 
45 mg./kg. or larger were employed, the 
muscle tone was observed to be 
absent at some stage of anesthesia. How 
ever, this reflex is difficult to evaluate and 
was not considered to be an accurate guide 
to anesthetic depth. A 
urement of anesthetic depth and duration 
was the pad-pinch reflex (fig. 1). This re 
flex disappeared in all dogs receiving doses 
of 50 or 60 mg./kg. and in those in which 
$5 mg In the 
experiments in which 45 mg./kg. was given 
in 20 or 40 seconds, the reflex disappeared 
in approximately 50 per cent of the dogs 
In dogs receiving lower doses (22 10.0 
the reflex abolished in 
Instance 


masseter 


more precise meas 


kg. was given in 90 seconds 


or 
mg ky was not 
any 

Salivation (Fig. 3) Excessive saliva 
tion occurred in 66 per cent of the exper! 
This was most marked when lower 
22 30.0 meg./kg 
Some dogs in these groups secreted 
The 4 


dogs which received atropine sulfate prior 


ments 
doses or 


ployed 
as much as 20 to 30 ml 


were em 


of saliva 


those, which in earlier 
Sch 


The 


marked 


to anesthesia were 


experiments with alone, showed 


salivation use of 


resulted in a 


profuse atropine 


reduction the 


(HTT RETURN 
REFLES 
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49-134 
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amount of saliva produced although in 

2 of the 4 dogs some salivation occurred. 
Voluntary Muscle Activity (Fig. 3). 

Excessive voluntary was 


observed in 64 per cent of the experiments 


muscle activity 


o———0 HEART RATE 
BREATHING RATE 


8 


Ve ONIKLV3UE 


“Ni 


4—+—+—+ 
5 20 25 W 40 50 60 70 
MINUTES 
Fig. 2—The effect of Sch 3132 on heart rate and 
breathing rate. Note the marked fall in breathing 
rate and the increase in heart rate which occurs 
within one minute after injection of the anes- 
thetic, In these trials, a dose of 45 mg. per kilo- 
gram of body weight was injected within 40 
seconds. 


o ' 


Champing’’ of the was a common 
during 


sia and was particularly violent in 


Jaws 


observation induction of anesthe 
dogs 
receiving the lower doses of Seh 3132. The 
champing simulated the so-called ‘chew 
ing gum fits’? of distemper encephalitis 
in dogs and was characterized by marked 
salivation, In a number of experiments, 
there was some degree of clonic spasms of 
one or more of the extremities. In many 
instances, the spasms were unilateral and 
resembled those seen in rhythmie myoclo 
This form of activity 
recovery 


tia of distemper 
Was most noticeable during the 
period 

Mortality Four animals died 
five minutes after injection of Seh 31382. 
One death following the acei 
dental injection of the thiobarbiturate at 
a rapid rate and, therefore, this animal 
was not included in computing the anes 
thetic mortality. The other 3 dogs received 
doses of 45, 50, and 60 mg kg. given at 
the rate of 40, 90, and 40 seconds, respec 
tively. All of these animals appeared to 
be in good health and would undoubtedly 
have been considered as suitable subjects 
for anesthesia. The and 
histopathology of revealed 


within 


occurred 


ross necropsy 


these animals 


AND J. E. MARTIN 
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only visceral congestion. There were no 
pathological changes which could be di- 
rectly related to the action of the anes- 
thetic. Thus, there three deaths in 
53 trials, a mortality rate of 5.9 per cent. 
As no other anesthetic agent was used for 


were 


comparison under similar conditions, and 
since fixed dosages and rates of injection 
were employed in these experiments, this 
figure may not represent the true mortal- 
ity. Under clinical conditions, anesthetics 
of this type are given to effeet and indi- 
vidual variations of patients are taken into 
consideration 


DISCUSSION 


When the thiobarbiturate, Sch 3132, 
administered in the recommended dose of 
45 mg./kg., satisfactory levels of surgical 
anesthesia 
may result in 
piratory depression and lower doses do not 
produce satisfactory anesthesia. The rate 
of injection appears to influence the activ 
ity of the drug; a dose of 45 mg./kg 
given in 90 seconds resulted in more 
piratory depression than the same 
injected in 40 seconds 


Was 


were obtained. Larger doses 


undesirable degrees of res 


res 


dose 


pose Time* 
MG/KG (SEQ) 


225 20 


20 \ \ | 


of the anesthetic 
dogs received sulfate 
administration of the 


* Refers to rate of injection 
* This 
) one-half 


group of atropine (0.6 


before anes 


theti 


hour 


Fig. 3—The percentage of dogs showing excessive 

salivation or excessive muscular activity (“champ 

ing fits” or clonic spasms of the limbs) following 
various doses of Sch 3132. 
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EFFECTS OF A NEW 


In these experiments, the pad-pinch re- 
flex offered the most satisfactory guide to 
the level and duration of anesthesia. In 
the 20 experiments in which a dose of 45 
mg./kg. was given in 40 seconds, this re 
flex 10 animals and did 
not reappear for an average of 20 minutes 

range 10 to 30 minutes) after injection 
of the drug. In the remaining experi 
ments, the reflex was reduced but did not 
completely disappear. In this same dose 
group, were able to raise their 
heads in an average of 43 minutes (range 
16 to 86 minutes) and were able to stand 
in an average of 62 minutes (range 38 to 
106 minutes) after injection of the anes- 
thetic. Induction and recovery were quiet 
in all animals 

Like other barbiturates 
theties for dogs, Sch 3132 produces a re 
duced respiratory rate and an increased 
pulse rate. Two undesirable features were 
the excessive salivation and the increased 
voluntary muscle activity. In the group of 
dogs receiving 45 mg./kg. in 40 seconds, 
salivation occurred in 50 per 
excessive muscular activity in 


was abolished in 


the dogs 


used as anes 


excessive 
cent and 
75 per cent 

Variations in effect observed in 
dogs receiving the same doses. For exam 
ple, in seven instances in which 45 mg. 
kg. was given in 40 seconds, the animals 
were able to walk in 60 minutes or less, 
whereas in three instances they were un 
able to get up for 90 minutes or longer. 

One dog died after receiving 45 mg./kg 
injected inf 40 seconds. In this animal, and 
in 2 other dogs which died with larger 
respiratory failure appeared to be 


were 


doses, 


THIOBARBITURATE IN THI 


Doa 161 


the heart con 
time following 


the primary cause of death ; 
tinued to beat for a short 
cessation of breathing 


SUMMARY 


The anesthetic properties of a new thio 
barbiturate, designated as Sch 3132, were 
studied in dogs. 

Doses of 45 mg./kg. of 
given intravenously in 40 
duced light te moderate levels of surgical 
lasting for approximately 20 
minutes. Induction and recovery from an 
esthesia was and rapid. Larger 
doses of the drug may produce undesir 
able degrees of respiratory depression and 


weight 
pro 


body 


seconds 
anesthesia 


smooth 


associated cyanosis. 

In three of 53 experiments (5.9% 
died within five minutes after injection of 
the drug. Since fixed dosages and rates 
of injection were employed, this may not 
represent the true mortality rate. The pri 


dogs 


mary cause of death appeared to be res 


piratory paralysis 

Profuse salivation and activ 
ity of voluntary muscles frequently oceur 
during surgical anesthesia with Sch 3132 
be controlled 


excessive 


The excessive salivation can 
These undesirable features 
this 


with atropine 
may limit the 
thiobarbiturate 


clinical usefulness of 
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Vesicular Stomatitis in Deer 


LARS KARSTAD, D.V.M., and R. P. HANSON, Ph.D. 


Vadison, Wisconsin 


Priok T0 1943, horses and cattle were the 
only known natural hosts of the virus of 
vesicular stomatitis. In that year, an out 
break of the disease occurred among swine 
in an anti-hog cholera serum plant.’ Since 
1952, vesicular stomatitis in swine and 
other animals has been recognized every 
year in certain areas of the southeastern 
states. This poses a problem to individu- 
als concerned with the diagnosis and eradi 
cation of vesicular exanthema and foot- 
and-mouth disease 

In June, 1955, a cooperative project was 
set up between the U. 8S. Department of 
Agriculture and the Wisconsin Agricul 
tural Experiment Station to study the 
epizootiology of stomatitis in 
Georgia and adjoining states. During that 
summer, a serological survey was conducted 
to obtain information relative to the num 
bers and species of animals involved. It 
was found that the 
horses, cattle, and swine tested in the re 
gion drained by the Altamaha River and 
its tributaries carried specific virus-neu- 
tralizing antibodies, indicating prior in 
fection. Serum samples from raccoon and 
deer in the area showed a high proportion 
of positive serum-neutralization titers.* At 
the same time, numerous reports were re 
ceived of deer being observed with mouth 
and foot lesions. Some of these 
were so debilitated that they over 
taken and killed by farmers’ Sev 
eral similarly affected deer had been shot 
by hunters and had been found unfit for 
food. As a 


vesicular 


over 50 per cent of 


animals 
were 


dogs 


result of these observations, a 
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support of the Agricultural 

8.D.A Cooperation of the 
Research Branch and the 
Branch of the U.S.D.A 


personnel of 


periment 
Research 
Disease and 
Animal Eradication 
the Fish and Game Commission of Georgia 
Fort Stewart, and Dr. F. C. Randall of Glennville, Ga 
is gratefully acknowledged by the 
in the experiment supplied by the 
Department 


Animal 


Dineanse 


authors. The deer used 
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servation 


study was undertaken of experimentally 


induced vesicular stomatitis of deer 


MATERIALS AND 


Five male deer ere exposed to the virus of 


stomatitis. Since the natural means of 


and the 


were 


vesicular 
susceptibility of the 
different 
to ensure infeetio 
isolate d 


exposure relative 


species unknown, several routes of 


inoculation used initially 

The 
in Georgia and 
1955. These 


the complement-fixation test at the 


were 


strains of virus were from swine 


Louisiana during the summer of 
examined by means of 
U.S.D.A, Ani 
labo 


NJ-typ 


isolates were 


mal Disease and Parasite Research Branch 


ratory at Beltsville, Md., 


vesicular 


found to be 
Vesicular 
then submitted to the Wiseonsin station where the 


and 


stomatitis virus tissue was 

embryonating 
fluids from the 
used fo 


had titer 


strains were propagated in 
Allantoie 
pussages in 
These 


in chicken embryos 


virus 
CERES, 
first 

the deer 
of 10 


mice, and swine 


and second eggs were 


mnoculations fluids 
used for 
this for 


way, Ab 


chute was 


kept in 


portable cattle-holding 


restraint Inoculated deer were 


the duration of the infection. In this 


mals were confined sufficiently to permit the ne« 


essary handling and close observation, yet recun 
beney and limited forward and baekward walking 
diet of of alfalfa 
concentrate, and 
end of th 


was allowed. A a good quality 
grain 


supplied at the 


hay, ground mixed dairy 


water was anterior 


chute 
Inoculations made 


wert with the animals unde: 


barbiturate narcosis. For this purpose, pentothal 


sodium, pentobarbital sodium, or secobarbital so 


used. These drugs intra 
effect 

Preinoculation blood samples vere 
tests. Body temperatures 
Three of the 
to permit readings to be 
Virus 


animals 


dium were were given 


venously to 
taken for 
rum-neutralization were 


recorded where possible deer wert 


found to be too excitable 
taken applying 


titrations earried out on 3 of the 


without indue restraint. 


were 


to obtain information on the relative suseeptibil 


ity of deer to vesicular stomatitis Virus was in 


oculated by intradermal and intramueosal routes; 


each site 
fluid 
tongue as a 


inoculum was introduced at 
tenfold 
different 


titration 


0.1 mil. of 


Six serial dilutions of allantoie wert 


inoculated at sites on the 
method of 
placed intradermally in the 
feet 


virus Similar dilutions were 


eoronary bands or in 
terdigital skin of the 
vere 


Two of the animals (153, destroved 


Whitetail 


onsin 


deer raised 


E 
— 


Fig. 1—Vesicle from tongue of deer D54 taken 50 hours postinoculation. Hematoxylin and 
eosin stain; x 240 

Fig. 2—Vesicle from muzzle of deer D54 taken 50 hours postinoculation. Hematoxylin and 
eosin stain; x 240. 
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it the pouk of the disense j ind ov) hours post 
inoculation, respectivels to study 


ifle 


the histopatho 
held 


antibody re 


logical change dee vere 


sufficiently 


produced 


long to obser 


ponse b measurement of eonvalescent serum 


neutralization titers Preinoeulation and postin 


oculation serum samples were examined for the 


presence of pecifie virus neutralizing antibodies 


by imoeulation of quantities of heat-inactivated 


serum mixed mounts of selected virus 


lO-day 


ith equal 


dilutions into 9 o1 emb 


yvonating egg 


Serum -neutralization titers vere expressed it 


chieken embryo Ld unit 
Kecovery of from the 
blood, lungs, 
me and 
The method of 


‘uUspensions of 


virus Was ittempted 


spleens, liver lymph nodes, kid 
tongues of the destroyed animals 


used was inoculation of 


L0-day 


recove 
ground tissues into & to 
embryonating eggs 

Kuthanasia of animals at the end of the experi 


ment was accomplished intraperitoneal injec 


tion of one of the barbiturates or a solution of 


ehloral hydrate 
A list of animals used and methods of 


table 1 


‘ Xposure 


ire given 


> 


All preinoculation serum samples were 
when examined for the 
of neutralizing antibodies against 
vesicular stomatitis virus 
detected in the 2 which 
adequate body temperature were 
obtained. The body temperature of animal 
D51 rose from an apparent normal of 
101.3 to 1OLS F., to a peak of 104.3 F. at 
24 hours postinoculation, The decline fol 
lowing this was at first rapid to 102.6 F 
at 40 hours, then more gradual to normal 
80 hours after The 
D55, showed an elevation of 
temperature to 103.0 F. at 24 hours after 
inoculation followed by a rapid return to 
Vesiculation 


negative presence 
NJ-type 
ebrile response 
Was animals on 


records 


again at inoculation 


other deer, 


normal was not observed in 
this animal 

Three of the 4 animals exposed by intra 
inoculation of the tongue devel 
These took the form 
of small circumscribed areas at the sites of 
first at 24 to 4% 
fig. | Little vesic 
ular fluid developed in the affected areas 
The surface of such 
above the level of the surrounding normal 
epithelium but, on examina 
true evident 
the early stages of vesiculation were not 
available for examination (only at 50 and 
the true pieture 
of vesicular development could not be fol 


mucosal 


oped tongue vesicles 


inoculation, 
hours postinoeulation 


appeariiipe 


areas was not raised 


histological 


tion, vesicles were Because 


72 hours postinoculat ion 
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from con 
lacunae which formed between 
from final cellular disinte 
gration. The prickle cell layer apparently 
first affected. Evidently, the cells in 
this area shrank and became rounded. The 
intercellular were disrupted and 
destroyed, Eventually, many of the epi 
thelial cells completely 


lowed exactly. The vesicles arose 
fluence of 
the 


cells and 


Was 
bridges 
disintegrated and 
to form dis 

Epithelial 
cell destruction usually extended down to 
the basal layer and sometimes even this 
Moderate 
numbers of polymorphonuclear leukocytes 
and macrophages invaded the vesicles but 
very few of these cells were present in the 
subepithelial tissues 


the lacunae became confluent 
tinet vesicles of significant size 


was destroyed over small areas 


Congestion and even 
hemorrhage of the subepithelial tissues was 
a constant feature immediately under the 
vesicles but not elsewhere 

Surface epithelium remained intaet for 
a relatively long time (fig. 2 
with observed vesicle development in cat 
tle and swine, where fluid pressure inside 
the vesicle caused bulging of the surface 
followed by early rupture of the vesicle 
Surface epithelium 
remain intact until 
in deeper layers became complete 


as compared 


seemed to 
cellular degeneration 
Then 


sloughing sometimes occurred without the 


sometimes 


vesicle ever having ruptured 


Gross foot lesions were not observed. A 
single microscopic lesion, vesicular in na 
ture, was observed in routine histological 
examination of inoculated interdigital skin 
from the animal which was killed 50 hours 
after inoculation. It thought that 
possibly vesiculation in the more heavily 
skinned coronary or interdigital regions was 


Was 


a slower process which was being aborted 
by the rapid antibody tongue 
infection. Accordingly, an attempt 
made to induce foot lesions in one animal 
D55) by inoculation of coronary bands as 
the only route of This animal 
pyrexia following 
development of 
Histological examina 
the animal was 
demonstration of 


response to 


Was 


exposure 
manifested a transient 
inoculation but 
foot lesions 


was not 


without 
gross 
tion made as 
allowed to 


ant ibody response 


recover for 
Salivation was moderately increased in 
those animals which developed tongue ves 
Affected animals lost weight due to 
their disinelination to eat when mouth le 
present At this alfalfa 


icles 


sions were time, 


Am. J 
JANUARY 1957 


preference to. finely 
Histological 
tongue 


hay was taken in 


ground dairy concentrate 


sections made from lesions on the 


of the deer killed 72 hours postinoculation 


showed small foreign bodies embedded in 
the degenerating epithelium (fig. 3). Ap 
plication of the Hotehkiss-MceMannus dif 
ferential stain * indicated that these parti 
Some of 
foreign bodies were found penetrating the 
submucosa 
One of the 
fractory’’ in that 


cles were of plant origin. these 


deer (D52) appeared ‘‘re 
visible did not 
develop following inoculations into the 
tongue, muzzle, and feet. As the deer was 
an extremely nervous animal, his tempera 
ture was not taken. A high serum-neu 
tralizing titer was found two weeks after 
exposure 

Virus was recovered only from vesicular 
tissues or fluids taken from inoculated ani 
mals during the early 
Viremia may have existed but virus 
detectable in blood taken at 50 
and 72 hours postinoculation. Lung, liver, 
spleen, lymph and kidney 
negative when examined for 
virus at 50 and 72 hours 

Virus titration by tongue inoculation was 
attempted in animals D52, D53, and D54 
Titrations were read at 48 hours after in 
oculation. Titers of 10° i per milliliter 
were obtained in animals D53 and D54, 
evidenced by the development of lesions at 
inoculation of O.1-ml 
ties of allantoic fluid diluted to 10 
allantoic fluids titrated 10° 
virus per milliliter in &-day chicken 
Material from the same strain 
Adamson a different harvest, but 
which also had an embryo titer of 10° L.d 
was titrated on the tongue of a mature cow 


10-Ib. pig 


lesions 


stages of the dis 
ease 
was not 
node, TISSUES 


vave results 


the sites of quanti 

These 
units of 
em- 
bryos 


one 


and in the coronary band of a 


TABLE 1 


dal folds, cor 
onary bands 


Muzzle 
digital skin 


inter 

Interdigita 
skin 

(oronar 


Summary of Experimental Vesicular Stomatitis Virus Infe 


VESICULAR STOMATITIS IN DEER 


Fig. 3—Vesicle from tongue of deer taken 72 hours 
postinoculation. Plant particles are the strawlike 
dark-staining bodies. Stained by Hotchkiss-M« 
Mannus method; x 160 

The was 10° and in the 
pig 10* 
dence of 

Serums of the 3 


titer in the cow 
Deer 
infection 


vave no clinteal evi 
deer whiel vere 


sufficiently long to allow observatio 
virus-neutralizing antibody 
tralized 10.000 Lad of 


stomatitis 


res porise 


virus when 
after e) posure 
Th 


tions are 


results of these 


table 


[inc 


made im thi 


understand the rol 


The observation 


able us hetter 


tions of Dee 


165 
ia 
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deer in the epizootiology of vesicular sto 
matitis. Finding the serums of 60 per cent 
of the deer in the enzootic area positive to 
the serum-neutralization would lead 
one to suspect that deer are highly suscep 
tible to vesicular stomatitis and that the 
disease produced is not fatal. This was 
found to be the situation. Our experimen 
tal findings help to explain the reports re 
ceived from residents of the area that deer 
are with sore mouths and feet. Our 
failure to produce gross foot lesions does 


test 


seen 


not prove that such lesions do not oecur in 
natural infections. It is possible that en 
vironmental stress is an important factor 
in causing these changes. Foot involve 
ment in cattle has been difficult to pro 
duce experimentally, yet it is seen in field 
cases Of vesicular stomatitis.” 

On the basis of limited observation, it may 
be said that clinically inapparent infections 
occur, These may be even more common un 
der conditions of natural exposure. In such 
cases, animals would subsequently carry vi 
rus-neutralizing antibodies without having 
At the oppo 


site extreme, it is possible that the super 


experienced clinical disease 


imposition of environmental stresses could 


precipitate the development of severe le 
sions. It is readily seen how a grazing and 
browsing animal like the deer might be fa 
tally incapacitated by severe mouth or foot 
involvement. The observed invasion of in 
jured tissues by sharp plant particles may 
be a complicating factor in natural infec 
tions contributing to seeondary bacterial 
infection. Therefore, one may suppose that, 
while an uncomplicated case of vesicular 
stomatitis in a deer mild or even 
inapparent, secondary stresses could greatly 


may be 


increase the severity of the attack 
It is unlikely that deer are reservoir hosts 
of vesicular stomatitis, since the experimen 
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tal disease was short-lived and quickly fol 
lowed by high levels of virus-neutralizing 
antibodies. However, deer may aid in main 
taining the disease in its present enzootic 
proportions by supplying a generation of 
new susceptible hosts each outbreak season 


SUMMARY 


1) Vesicular stomatitis in swine was ree 
ognized as an enzootic disease in southeast 
ern United States in 1952 

2) Detection of neutralizing antibodies 
in deer from southern Georgia and reports 
of disease by hunters led to the considera 
tion of deer as a possible reservoir of ve 
sicular stomatitis 

3) Five deer 
routes with 
developed 


were inoculated by sev 
vesicular stomatitis virus 


abortive 


eral 
and 
infections. 

4) Deer are probably not important res 


mild, acute, or 


ervoirs of the virus, since recovery is rapid 
They may have a minor role in maintaining 
the summer epizootic. The disease in deer, 
although mild under experimental condi 
serious under certain 


tions, may be more 


stress conditions existing in the field 
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A Polyvalent Toxoid for Botulism in Mink 


J. FREDERICK BELL, M.D., Ph.D.; R. KEITH FARRELL, D.V.M.; 
JOHN R. GORHAM, D.V.M., Ph.D. 


Hamilton, Montana 


SINCE the first report by Hall and Stiles in 
1938? of botulism in mink, fur farmers 
have become interested in procedures for 
prevention of this disease. Although botu 
lism in mink is uncommon, the mortalities 
in individual outbreaks have been high. In 
our experience, polyvalent antitoxin has 
been inadequate for control of the disease 
in some instances and it was evident that 
there was need for a safe, effective immu 
nization procedure. Successful immuniza 


tion of mink against Clostridium botulinum 


type C by Swedish workers prompted us 
to study the effects of immunization with 
combined toxoids. 


Review OF THE LITHRATURE 


Clostridium botulinum type C has been inerimi 
nated often as the cause of botulism this 
country, as well as Sweden.’ Quortrup and Gor 
ham” found that were susceptible to Cl. 
botulinum toxin types B, and C but were most 
to type C. Dinter Kull* found 


400 times more susceptible to type C 


most in 


mink 
A, 
susceptible and 
mink to 
than to type 


he 
A toxin when given orally, but only 
five times more susceptible to type C when given 
parenterally. 

Dinter and Kull” in 1950, in Sweden, developed 
in aluminum hydroxide adsorbed type C toxoid. 
This toxoid proved to be safe and efficient when 
used to protect white mice and guinea pigs against 
It also protected mink against 
massive challenge that killed control mink within 
2 hours found that pigs 
cinated with the toxoid developed high serum anti 
to that the 
titers remained high for at least eight months, In 
1952, Kull and Moberg ” 
tion of 45,000 mink on 60 farms 
of Ctl. type 
adsorbed toxoid. Botulism occurred on one of these 
20 mink had 
40 


ill 


the type © toxin. 


Dinter” guinea vac 


toxin levels in five seven weeks and 


reported on the vaeccina 
They used 1 ml. 
hydroxide 


botulinum aluminum 


and 
from 


vaccinated 
10 


control 


farms where been 
left 


vaccinated 


fatalities, 
of the 


30 unvaccinated with 


the group and a0 


animals. 


Kull” later determined that his botulinus C 
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From the | S. Department of 
Welfare, Public Health 
Health, National Institute and Infectious Dis 
eases, Rocky Mountain Hamilton, Mont 
(Bell); Agricultural Experiment Station, State College of 
Washington, Pullman (Farrell and Fur Animal Dis 
Laboratory, | Department of Agricul 


Wash. (Gorham 


Service 
of 


Laboratory 


Allergy 


Research s 


Pullman, 


ease 


ture 


toxoid gave good protection for at least thre« 


and one-half years. 
Larsen al.,’ 
cessful immunization of mink against Cl 


deseribed the 
botulinum 


in 1955, also 


toxin type C by using potassium alum-precipitated 
The of their 


least 52 


toxoid. duration immunity in test 


was at 
The 

mink 


days 
immunization 
of 


demonstrated 


program 
A, B 
to 


most practical 
the 
types 
The present report describes 


would entail use combined and 


all the 
in mink, 


toxoids 


intoxication 
the preparation of polyvalent toxoids and the in 
with this 


munization of mink reparation 


MATERIALS AND Meriops 


Torins.-The toxins used for the preparation of 


toxoid and for challenge of animals were obtained 
that had cultivated 
phane® bags. The technique differed 

but not in principle, from that described by Sterne 
Wentzel.’ The for the 
tures is of simple construction and is ensily 


After 


cent 


from bacteria been in cello 


in design 
eul 


pre 
filling the cellophane 


and apparatus used 


pared for use (fig, 1 


bag with 0.85 per saline solution and dis 


pensing the medium into the cylinder, the unit was 
When the 

to approximately 

the bag 


reveral 


and autoclaved temperature 
had dropped 
introduced 


at ai 


assembled 
of the 
the inoculum 
the 
In some early experiments, actively growing dial 


unit 


was into ina 


unit was incubated (, for days 


ysis-bag cultures were used as inoculums but, later 
the use of washed spores was found to be simpler 
The 
production 
the kind 


maximum toxin 
of 


Subsidence 


period necessary for 

varies the 
of d 
activity within the bag was taken a 
the of the culture 
toxin production, When it 


the culture without further treatment or to sample 


exact 
with organism and 
of gross 
a eriterion of 


of 


type 
medium uve 


elimax 


to 


maturity and the 


was desired remove 
it, glass tubing was inserted through the top and 
into the glass U-tube Alternately, the entire bag 
and lid the dipped 
into distilled water to rinse it and piereed at the 
to drain the If the whole 
to be the 


transferred 


assembly was removed, bag 


eulture, 
for 


bottom entire 


culture was used toxoid, entire 


assembly was to another jar contain 


(ace below Approximately 


ing buffered formalin 


600 ml obtained from 
the 


obtained 


potent toxin was 
of the 


titers of 


of highly 
The 


sources inoculume me 


the 


each bag 


diums used, toxin vere 


follows 
7 { 
the type I 


aus 
and fo 
for 


obtained 


this culture 


the 


The inoculum for 
$ culture 
for 


tube 


the 


from 


and also formulas 


cultures were 


cooked 


those 


of 


mediums 


Duff meat medium was in 


167 


16% 
oeulated with the spore suspension and from this was as follows casitol Dit cent 
culture a dialysis-bag culture was initiated in a ye extract (Albin per HCl, 
mall vessel About 10 mil. of actively growing 0.075 per cent; glucose idded afte t zation 
culture were used to inoculate each of the two 05 per cent; and NaOH to make Habout 7.1 

rge bags before sterilization 

The medium was composed of the following The cultures were ineubated f lays and 
ngredients: casitone Difeo), 2.0 per cent; yeust titrated in mice by the injectior f tenfold and 
extract (Albimi), 0.5 per cent; glucose (added twofold dilutions I ‘ 1. pe 
ifter sterilization), 0.5 per cent; and NaOH to milliliter 
make pH about 7.1 to 7.2 before sterilization. Type C (1) Torin fe Toxoid Production lhe 

The cultures were incubated for six days. At toxigenicity of Cl. botulinum type ¢ notoriously 
the end of that period, the approximate titer of variable.” However, we have derived a strain which 
toxin, determined by the intraperitoneal injection retains maximum toxigenicity by constant selection 


of serial tenfold dilutions into mice, was found to 


be 10° mid. per milliliter. 

Type B The spore suspension obtained was 
used to initiate a small culture which, when a 
tively growing, was used to inoculate the large 
dialysis bags. The formula for type B mediun 

4 
ALUMINUM 
TUBING 


CAP MADE FROM 
54% ALUMINUM PLATE 


1 CELLOPHANE 
TUBING 
35 LONG 


6x 16 PYREX 
+— INDER 


SALINE INSIDE 
OF BAG 
| 
| 
L—» MEDIUM 4.5 LITERS 


GLASS U TUBE 


cultivating the 


Fig. 1—The apparatus used for 
toxoid for 


bacteria from which the polyvalent 
botulism in mink was made 


for that factor.“ Washed spores of this strain 
were used to initiate a small dialysis-bag culture 
This culture in turn was used as the inoculum. 
The medium used was a composite of two mediums 
which we have found useful, viz., yeast autolysate 


by Dr. Wayne 


if Sterne and 


lactalysate medium suggested to us 


I. Jensen and the corn steep medium 


Wentzel Kither of the mediums produced good 
titers of toxin but, in the former, growth was too 
rapid with much foaming and, in the latter, growth 
vas too slow. 

We found that a mixture composed as follows 


was most satisfactory: lactalysate Baltimore Bio 


logical Laboratory), 0.75 per cent east autoly 
sate, V.o per cent N-Z case (Sheffield Chemical 
Co.), 1.4 per cent; corn steep quor alkali 
treated), 2.25 per cent; starch, 0 per cent; am 
monium phosphate NH,).HPO per cent; 
and glucose idded to prepared medium before 
iutoclaving 1.0 per cent; a fi H f pprox 
mately 7.2 is desirable 
The medium w essentially 1 rt of yeast 
iutolysate and lactalysate medium and irts of 
corn steep medium with the dition starch 
ind ammonium phospt ite 
The type C cultures were har 1 after five 
days of ineubatior tite: f s toxin was 
10 per miaulliliter twofold lilutions were 
not done 
Tune ¢ Toxin f Cha In these eul 
tu washed spores we ed I noculum 
Incubation if the eultures ol d for seven 
days I titer of the whol was 2x10* 
per milliliter The tite supernatant 
vas tx 10 per milliliter Supernatant was 
ised for the challenge, because titration of elear 
lutions gave more reproducible ts than t 
trations of toxin in whole cultures or resuspended 
sediments The fact that muel f the toxin in 
ultures may be within the baet« i ells as stated 
by Dozier, in 1024 s now gen recognized 
loxicity of the supernatant toxin for mink by 
the enteral route was determined giving 5-ml 
jumes of several dilutions to mit kits S40 to 
40 Gm by gavag table 1 The toxin was 
idministered through a tube made from a bovine 
irtificial insemination tube connected t i 10-ml 
syringe by a small section of latex tubing. After 
the initial determination of toxicit he toxin was 
stored for 120 days at 0, and tested again, 
this time in larger te Gm 


| Jt 
\ 
\ 
| | 


im. J. Ver. Res 
JANUARY 1957 


No evidence of difference in suscepti 


bility between young and old mink or loss 


of toxicity was demonstrated; however, 
there may have been smaller differences 
TABLE 1—Texicity of Supernatant Toxin for 
Mink by the Enteral Route 
Toxicity for mir 
No. of (No. dead /total challenged 
doses 
mouse Before storage After storage 

1x10 

1x 10* 0 

1x10 1/5 

1 x 10? 0/5 0/5 
than the differences (tenfold) in dosages 


Deaths of 2 animals that received relatively 
small doses of toxin (10° m.1.d.) ean prob- 
ably be accounted for on the basis of wide 
variations in susceptibility. Similar varia 
tions were frequently demonstrated in the 
enteral titration of toxin in guinea pigs 
and fowl. For the purpose of determining 
a challenge dose, it was considered, some 
what arbitrarily, that the Ld 

approximately half of the 


dose was 


one difference 


between the largest and second largest 

doses Multiples of 55.000 5 5 x 10* 

mouse m.Ld. were used for challenge. 
Detorification in Formalin The procedure for 


toxin differed 
isual that the 
directly to the the 


from the 
added 
toxin but was permitted to dia 
filtrate 
"OO.0 to 
into a The 
» liters of M/150 phosphate buffer at 


detoxification of somewhat 


method in formalin was not 


re into it The desired amount of super 


itant, or whole culture, usually 00.0 m 


vas put dialysis bag bag was then 


suspende d in 


pH 5.8 eontaining 20.0 ml, of reagent grade 
ormalin 16.3 formaldehyde The 
percentage of formalin was nhimportant 
ismuch as the rate of detoxification was deter 
iined by actual test, but we found that 
entration given bove was tisfactor It was 
ot desirable to use very eoneentrated formalin 
nasmuch as detoxification | eded rapid! and 
xcessive exposure of toxoid to formaldehyde iy 
neared to reduce intigenicits The entire assem 
bly was placed in a 37-C, ineubator and sample 
were taken at intervals of one, two, or three da 
for titration in mice When 0.1 ml. of undiluted 
material failed to kill mice in four days, 0.5 ml 


ir d 


was tested and, if death did not oceur in fo 


the bag was removed from the formalin and im 
mersed in 0.85 per cent saline at 5C. to remove 
exeess formalin and to continue the removal of 


and medium 


the 


dialysable metabolites 


After a day or 


components 


two, toxoid was considered 


eady for alum precipitation 

flum Precipitation lum precipitates of the 
three toxoids were prepared according to the 
method of Rice et al In the ease of the A toxoid 


POLYVALENT Toxo FOR BoTULISM IN MINK 


a filtrate was used sintered glass, UF porosity 


Supernatant was taken for type © and whole ecu 


ture for type B. The mixtures were placed in a 
cold room » { overnight. They were then cent: 
fuged, the supernatant was decanted and the sed 
ment was brought to the original volume: Ls 
mil with 0.85 per cent saline 

All of the toxoids were prepared as experimenta 
lots to test the method of preparation Two of 
the lots B and ¢ had not been completely de 


toxified, One tenth of a milliliter of each caused 


delayed death 


delayed 


injected into and 0.25 
death of 


permit the 


when mice, 


mi. caused Sines 
did not 


was thought 


guinea pigs 


production of new lots 
that the 


polyvalent 


time 


and since it minimal toxicity 


not affect toxoid 


each of the 


might mink, a was 


prepared by mixing 50-ml. volumes of 


three toxoids. Ten mink kits, weighing from 390 

to 520 Gm., were each given 2.0 ml, of the poly 

valent toxoid and they showed no ill-effeets 
Immunization.—On July 19, 154 mink 


kits were given 1.0 ml. of polyvalent ABC 
toxoid subcutaneously. Three days later, 1 
female died Necropsy and bacteriological 
examination did not reveal the 
death but, possibly, the toxoid was respon 


cause of 


The remaining 153 mink showed nm 
untoward reaction, 

Challenge Kighty-eight of the 
nated mink kits were placed in four groups 
of 20 mink each and one group of & mink 
The results of challenge with various doses 
of toxin 129 days after 


table 2 


sible 


Vacel 


vaccination are 
show 
DISCUSSION 


These 
Ab 


trials demonstrate that pol valent 


safe and effective for mink 
when under the conditions of the 
trials Most of the mink 
veloped a high degree of resistance to typ: 
C Cl The 


sistance widels itl 


toxoid is 
used 
immunized 
degree ot re 


hotulinum toxin 


apparently vari 
vidual animals 

Krom the work done on immunization of 
botulism, and 
Dinter, Kull 


Tew vears if 


mink against 
cially that 
berg in the 


( espe 


and Mo 


neluded 


done by 
last 


TABLE 2—Various Challenge Doses of Type C 


Botulinus Toxin Administered to Immunized Mink 
Dome 
Grout mouse M 
a talit arke 
bot 
nil mink 
bart 
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that the field use of botulinus toxoid type 
C is an efficient procedure. Rice '” adduced 
that mixing of toxoids does not 
elicit diminished response to the individual 


evidence 


components of the mixture, but that in fact 
be 
Therefore, a single injection of polyvalent 
toxoid is a practical procedure 
of toxoid given to the mink in this experi 
ment was probably excessive in view of the 
fact that Sterne and Wentzel '* pro 
portionately much less toxoid to cattle 


an adjuvant effect may demonstrated 


The dose 


gave 
Since we gave a dose of 1.0 ml. of equal 
parts of A, B, and © toxoids, or 0.333 ml. 
of each, it is evident that approximately 
1,800 doses of one type of toxoid can be 
prepared from one eulture jar. 

The use of toxoid on mink farms in the 
United States awaits the time when such 
a product can be produced commercially 
at a cost that would be economically fea- 
sible for the mink rancher, Whether A and 
B should included an im- 
munization program must await further 
investigations of field epizooties and trials 


toxoids be in 


as to the efficiency of such toxoids 


SUMMARY 


A method is deseribed for the prepara- 
tion of toxoids of Clostridium botulinum 
types A, B, and ©. The entire procedure 
from inoculation of culture to removal of 
excess formalin from the toxoid may take 
place in a closed system. One injection of 
a mixture of alum-precipitated toxoids thus 


produced was efficacious in protecting mink 
against large doses of type C toxin, the 
most common cause of hotulism on mink 


farms 
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Investigations on the Endocrine-Controlled Defense Mechanism 
of Estrous and Pseudopregnant Rabbit Uteri 


H. W. HAWK, Ph.D.; J. SIMON, D.V.M., Ph.D.; 
S. H. MeNUTT, D.V.M.; L. E. CASIDA, Ph.D. 


Vadison., Wisc 


THe vurert of luteal phase rabbits and uteri, #¢., uteri that were first injected 
cows * contain much greater numbers of with dead Esch. coli 

live bacteria at a standard time cfter ex 

perimental inoculation than do the uteri of Mareriats, Meriops, 
estrous phase animals, Inoculation of pseu The rabbits used in the experiment were do 


dopregnant rabbit uteri with Escherichia — mestie females, approximately 1 year old, whiel 
coli results in an accumulation of pus in had been kept in individual eages for at least 


the lumen and infiltration of the endo mouth before use to minimize the ehanee of un 
metrium by large numbers of leukocytes. controlled pseudopregnanes Experimental pseu 
Despite this leukoevtie response, large dopregnancy was indueed by mating estrous fe 


numbers of live Esch coli can be recovered males to vasectomized bucks or by intravenou 
4 


from the uterine lumens 24 to 28 hours 
after inoculation, In contrast: to this, in- ten days after induetion of ovulation 
oculated uteri of est rous rabbits show lit k r pe rioment ] Laparotomies were clone eon 


injection of 100 LU. of chorionie gonadotrophin 


Pseudopregnant rabbits were used eight, nine, or 


tle gross response at the end of the same secutively on four replicates of 2 estrous and 
time interval and only moderately in pseudopregnant rabbits each Each uterine horn 
creased leukocytice infiltration of the endo was ligated at its cervix and tubouterine junction, 
metrium, vet ‘relatively few bacteria can and one horn was excised completely, Each horn 
he recovered ‘ wis injected with 0.2 ml. of a suspension of Hack 
This differential response to infection is 
due to the action of progesterone during 
the luteal phase ' * and “y apparently re- horns were removed from the body eavity, and each 
stricted to the uterus.’ Microscopie exami horn was flushed as aseptically as possible with 
nation of debris from the previously inoe- 5.6 mi. of sterile physiological saline. The wash 
ulated uterine horns of several estrous and — ings from each uterine horn were plated serially 
pseudopregnant rabbits has shown that on cosin methylene blue agar, incubated at 37 ¢ 
leukocytes in both types of uteri often con- for 48 hours, and the colonies of Hach, coli 
tain large numbers of ingested bacteria counted, The total number of bacteria reeovered 
Despite the leukocytice activity, the secre 
tions of pseudopregnant rabbit uteri might 
constitute a more suitable medium for bac late each uterine horn and the numbersgre 
teria than secretions of estrous rabbits and covered after four hours are shown (table 
thus cause a differential survival of or I he mean logs of the number recovered 
ganisms. Therefore, comparison was made from the four classes of uterine horns are 
of the luminal contents of estrous and follows: 6.94; intact 
= pseudopregnant, 8.3; excised estrous, 8.22; 
pseudopregnant rabbit uteri with respect 
to their properties as bacterial culture me- 


coli and the excised horn was left in the peritonen! 
cavity with the intaet horn, Four hours after in 
oculation, the rabbits were killed, both uterin 


from each uterine horn was then ealeulated 


The numbers of bacteria used to inocu 


and excised pseudopregnant, 8.37. These 
: : gh logs correspond to numbers of 3,470,000, 
diums; this was repeated in’ sensitized 999 990,000, 166,000,000, and 234,000,000, 
respectively. Statistical analysis showed 
of (Sin that the difference between the two kinds 
University of Wisconsin, Madison; agent (Hawk) of the Of intact horns in total bacteria recovered 


Dairy Husbandry Research Branch, U. 8. Department of Was greater (P. 0.01) than the difference 
Agriculture 


Department of Genetics (Hawk and Casida) and De 


between the excised horns 
This study suggested that the differen 


Published wit) the approval of the director of the Wis 


consin Agricultural Experiment Station, paper 624 from 


the Department of Genetics and 211 from the Depart tial recovery of live bacteria from inocu 

ment of Veterinary Science lated uteri of estrous and pseudopregnant 
This wo vax done le cooperative agreement ‘ . 

rabbits is due to some factor other than a 


between the Wisconsin Agricultural Experiment Station 


and the Dairy Musbandry Research Branch, U.S.D.A difference in the nutritive value of the 


Kees 


TABLE 1—Log Numbers of Escherichia Coli Recovered from Intact and Excised Uterine 
Horns of Estrous and Pseudopregnant Rabbits 


Kabbit ntact ised Ka ta 
j at hort rn horr 

4 

; 
; i af 
6.4 B.52 6F 
‘ 4.38 7.88 4.4 

14 4.28 ‘ 
uterine secretions A depressive effect of tialls Laparotomi vere done ¢ strous and 
progesterone on the uterine defense mech | pseudopregnant rabbit of excl plieate. The 
anism of luteal phase animals was consid iterine horns were then ligated at each end, and 

7 0.2 ml. of a heavy suspension of heat-killed Each 
ered a possible explanation 
Ty liff f coli was injected into each hor to sensitize 
1 iference between the two types o them) using a 27-gauge hypodermic needle. Fif 


uterl is evident soon after inoculation; @ teen hours later, the uterine horns of the 2 pre 
distinet difference exists in the number of viously untreated rabbits were als« gated at each 
live Esch. coli which can be recovered from end and all 4 rabbits in the replicate were inoc 


the intact uterine horns as soon as four /#ted in each uterine horn wit! ml. of a 
hours after their introduction. This may  Pe™sien of live seh. coli. Four hours after inoeu 
t th abbits were ed, their uteri remove 
be related to the observation that a moder sation, the rabbi , pemeves 
> > and each horn flushed as aseptices as possible 
ate leukocytice infiltration of the rabbit en 
with 5.0 ml, of sterile pl line The 
dometrium is characteristic of estrus as 

washings from the o horns rabbit were 
contrasted to pseudopregnancy,’ which pooled and aliquot ere plated serially on eosin 
suggests that the uterine defenses of the methylene blue agar and ineubat t 7 ( for 
estrous animal are in a state of relatively 18 hour ind the colonies of Excl 1 ver 
greater readiness to combat a bacterial counted 
invasion than those of the luteal phase 6) The next four replicat nprised of 
inimal 1 estrous and 1 p lopregnant bbhit each; onl 

me uterine horn of eael bhit ensitized 15 

An attempt was next made to determine 0" Uterine horn ew 

» hours prior to inoculat 1 with 

vhether the defense mechanism of a pseu killed four 

dopregnant rabbit uterus could be made jours after ino th pray ate 

us effective as that of an estrous rabbit iterine horn wv lushe f ¢ saline 

uterus by sensitizing (stimulating) the ce ind an estimate obtained umber of 
fegse mechanism of the luteal phase rabbit live Hseh. coli reeovered from ea 

with dead bacteria in the uterus prior to The number of living Esch. coli used to 

injection of live organisms inoculate each uterine horn and the num 

Kxperiment a I'wo replient f estrou bers recovered after four hou are listed 

nd 2 pseudopregnant rabbit ( d ini table 2 The results of the first two rep 


rTABLE 2—Log Numbers of Escherichia Coli Recovered from the Sensitized and Control 
Uterine Horns of Estrous and Pseudopregnant Rabbit 


' ilun Kia t i nt | 
at per horn 
4 i l if 1 if 
i4 6 
4 49 6.1 
* Both uterine horns of each rabbit in replicates 1 and 2 ere e@ithe ‘ tized « ont "he 
number in the table is that of one half of the actual number of bacteria in the ' ‘ il fror 
both horns, the log of the total numb beir n each ase 0.3 reater than t " th tota 


number 
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strongly that the pre 
instillation of dead bacteria had a 
pronounced effect on the uterine defense 


licates suggested 


vious 


mechanism of both estrous and pseudo- 
pregnant rabbits. The mean log of the ac 
tual numbers of live Esch coli recovered 


from both horns of each type of uterus are 
as follows: sensitized estrous, 4.65; control 
estrous, 6.39: sensitized 
5.8; and control pseudopregnant, 8.65 

whether 


pseudopregnant, 
order to determing 
effect on the 


uterine 


Experiment In 


the apparent treatment uterine de 


fense mechanism was a general phenome 


non or whether it was localized in the sensitized 


horn, dead Exch. coli were injeeted into only one 
horn of the 
replicates 


The mean logs of the numbers of bacte 


uterine rabbits in the next four 


ria recovered from the four classes of uter 
estrous, 4.55; 


ine horns are: sensitized 
control estrous, 7.09; sensitized pseudo 
pregnant, 6.26; and control pseudopreg 


nant, 8.31. The results of these replicates 
indicate that the injection of dead organ 
isms prior to inoculation with live 
stimulated the defense mechanism of 
sensitized uterine horn only 


ones 


the 


DISCUSSION 


The data from all replicates were in 
cluded in the statistical analysis since the 
treatment effect was apparently a strictly 
localized phenomenon. For purposes of ob 
taining over-all means, the log of one half 
of the actual number of bacteria recovered 
from both uterine horns of each rabbit in 
the first two replicates was used as an esti 
mate of the number from one 
horn. The mean logs of the numbers of 
bacteria recovered from the four types of 
uterine horns over all six replicates are as 
follows: sensitized estrous, 4.48: control 
estrous, 6.76; sensitized pseudopregnant, 
6.01; and control pseudopregnant, 8.32 
These logs correspond to numbers of ap 
proximately 30.200, 5.750.000, 1.020.000, 
and 209,000,000, respectively. Statistical 
analysis by the ‘‘t’’ test of the within-rep 
revealed significant 
0.02) between 


recovered 


licate log differences 
differences (P<—0.01 or 
any two of the four groups 

The introduction of dead bacteria into 
the uteri of rabbits in either the luteal or 
follicular phase prepares the defense mech 
anism for greater effectiveness against live 


eS. ENDOCRINE-CONTROLLED DEFENSI 
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bacteria injected later. The uterine cd: 


fenses of sensitized horns in pseudopreg 


nant rabbits are more effective than those 
of control horns in estrous rabbits, even 
though estrous rabbit control horns have 


far superior defensive ability against Esch 
coli than do pseudopregnant rabbit control 
horns. These results may be due in whole 
or in part to the leukoeytes present in the 


lumens of the sensitized horns at the time 


the live organisms were introduced, at 
which time the previously challenged 
horns contained considerable amounts of 
pus 


SUMMARY 


A difference was found in the number o! 
bacteria recovered from previously inocu 
lated uteri of estrous and pseudopregnant 
rabbits which could not be accounted for 
by differences in the properties of the uter 
ine secretions as culture The 
numbers of live Escherichia coli recovered 
at the end of four hours from intact uter 
ine horns was a mean log of 6.54 for the 
estrous and 8.3 for the pseudopregnant 
The difference between was greater 
(P<0.01) than the difference found in 
completely excised horns of 8.22 for the 
estrous and 8.37 for the pseudopregnant 

When heat-killed Esch were in 
jected into the lumen of one uterine horn 
of estrous and pseudopregnant rabbits to 
stimulate the mechanism and, 15 
hours later, live Esch. coli were introduced 
into both horns of each rabbit, the 
log numbers of live Esch recovered 
from the four classes of uterine horns after 
four hours 4.45 
control pseudo 
pregnant, 
nant, 8.32 


mediums 


these 


colt 


defense 


mean 
coli 
sensitized estrous, 
6.76: 
and 


were 
estrous, sensitized 


6.01; control pseudopreg 
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Furazolidone for Infectious Enterohepatitis (Blackhead) 
of Turkeys 


A. C. JERSTAD, D.V.M. 


Puyallup, 


1,6,7,29 


URAZOLIDONE,” formerly furoxone,® 
is of increasing interest as new uses for it 
are found. This paper reports experiments 
with furazolidone for the prevention and 
treatment of infectious enterohepatitis of 
turkeys, together with preliminary type 
studies of the effect of the drug on normal 
turkeys 


LITERATURE 


(S-nitro furfuryh 


The role of furazolidone, N 


dene)-3-amino-2-oxazolidone, in the treatment of 


various Salmonella infections has been investi 


™* * Its antimicrobial properties 


have been studied Although sensitive to fura 


vitro, experimental Hrysipelothria 
chicks 


administered 


volidone im 


rhusiopathiae infection in was not econ 


trolled when the drug was orally 


lhe drug has littl or no value for control of 


fowl cholera.’ Coecidiostatic activity has been 


chickens,’ but it is not an effective 
turkeys 


histomonastatie 


reported for 


coceidiostat for Limited data on its 


ictivity as a agent have been 


and it appears to be effeetive in 
turkeys.” It has 
effeet from 
using egg 
weight of 


published 

the control of hexamitiasis in 
heen reported that there is no adverse 
continuous feeding to turkey breeders, 
hatehability, 
Levels of 100 Gm, per ton 
effeet on 
studied to 


production, fertility, and 


progeny as criteria,” 
of feed 


Furazolidone has 


had no apparent produetion,’ 


also been determine 
possibilities. The use 


treatment of Sal 


its growth-promoting 
of the turkeys for the 


monella histomonastat has re 


drug in 
infections and as a 


ceived attention in the lay press.” 


VIATERIATI Meritops 


Broad Breasted Bronze turkeys of both sexes 


were used all unless otherwise 


tuted With the 
which required large pens, the turkeys in preven 


experiments 


exception of experiment 7, 


treatment studies were confined it 


tion and pens, 


ipproximately 35 ft. square, in whieh deaths due 


had 
Housing of turkeys 


to infeetious enterohepatitiv oceurred during 


the present or previous season 


in remaining trials will be indieated under indi 


From the Western Washington Experiment Station 
Puyallup Scientific paper 1500, Washington Agricul 
tural Experiment Stations, Pullman; project LOO 

Dr. Jerstad is associate veterinarian, Western Wash 


Station, Puyallup 
was supported in part by 
Ashland, Ohio 


furazolidone 


ngton Experiment 
This work 
Iiews and Clark, Im 


grant from Dr 
who also furnished 


necessary 


supplies of 


Washington 


vidual experiments. The basal ration fed to poults 


was a commercial turkey developer mash. In ad 


dition, whole grains comprised of a mixture of 


oats and corn or milo were routinely offered free 


veeks of age. 


choice to poults when they reached % 


Breeders received a basal ration of 50 per cent 


and 50 per cent whole 


added to the 


commercial breeder mash 


Furazolidone 


grains. was ration as 
an 11 per cent commercial premix, or in a premix 
prepared from the basal ration in the case of ex 
periments 8 to 12 Restrictions of routine grain 
feeding are noted in individual experiments, Mor 


used to evaluate the efficiency 
effect of 


feed eon 


tality records 
of the drug 


the drug on normal turkeys were 


were 


Criteria used to judge the 
group 
sumption and individual body weights at the start 
and end of treatment In the case of 


egg production, fertility, hatehability 


breed rs, 
and records 
were also used, 

For convenience of reporting and reading, ex 
periments numbered consecutively are 


their 


grouped ae 


cording to primary nature of prevention, 


treatment, or effeet on normal turke 
PREVENTION 
Experiment 1 A group of 169 poults wer 
removed from the brooder house when 6 weeks 
old and distributed at random into four pens 


The poults in two of the pens were fed 0.02 


per cent of furazolidone in the basal ration for 
The othe 


ceived no furazolidone but 


days poults in the two pens 


were otherwise handled 
identically, 

This 
that 197 
treatment 


Experiment was a repetition of experi 
started at 7 


was for 2] 


ment 1 exeept poults were 


days. 


weeks of age and 


Kaxperiment This was also a repetition of 
experiment 1 except that 145 poults were started 
it 8 weeks of age and treatment was for 22 days 


Results, Experiments 1 to 3 No death 
due to infectious enterohepatitis occurred 
during treatment in any pen receiving 0.02 
per cent furazolidone in the ration, 
while 3 controls died in experiment 1, 1 
in experiment 2, 


basal 


and none in experiment 3. 


There were obviously sick and moribund 
birds in several control pens, but not in 
treated pens. Therefore, mortality data 
(table 1) were collected for two 14 day 


periods after the end of treatment. The 
average interval from time of exposure to 
the first death in treated 
days, in control pens, 24.8 days 


was 36.3 
This is 


pens 


——— 
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TABLE 1—Accumulative Mortality from Infectious Enterohepatitis in 6-, 7-, and 8-Week-Old 
Poults Given 0.02 per Cent Furazolidone in the Basal Ration* (Mash) at Time of Exposure 
to Contaminated Ground 


No. of days 


Age of 
Experiment poults To first 
No (wk.) death (av.) 
1 6 iv 
1 6 18 
2 7 14 
2 7 25 
il 
3 25 
24.8 
1 6 i6 
6 
2 
(36.3 
All poults were offered whole grains when & 


reduced to the extent that grain was consumed 


indicative of effective prevention during 
treatment. At 14 days post-treatment, the 
number of deaths reached 16.5 per cent of 
the untreated controls and 2.7 per cent of 
the birds that had received furazolidone. 
At 28 days post-treatment, the correspond- 
ing figures were 26.4 per cent and 12.4 per 
cent, respectively. 

Experiment 4.—Poults in three successive weekly 
hatches were separated at random into two equal 
groups, when 8 weeks old, and placed in two heavy 
ily infected in 
To the basal ration of the poults in one pen, 0.02 
furazolidone was added. The others re 
ceived no furazolidone. After 43, 35, and 28 days 
of treatment of the respective hatches, the birds 
and feed were switched from one pen to the other, 
The to 


for days. 


control pens used experiment 1 


per cent 


continued furazolidone 


56 


receive 
This switch 
to the 


same birds 


an additional was to 


provide additional challenge furazolidone 


No. died) No. in pen (%) 
during post treatment period 
Treated 14 days 28 days 
None 7/4 12/45 
None 21,41 20/41 
None 7/47 
None 451 11/51 
None 0, 86 4/36 
None 1 86 1/36 
$2,254(16 67/254(264 
19 0/42 1/42 
19 1/45 2/43 
21 13/47 
21 0 4 6/52 
22 1/38 
$2/257(1 
weeks old; therefore, total intake of furazolidone wae 


treated poults by exposure to heavily contaminated 
ground 

Results, Experiment 4.—The birds and 
feed were switched from one to the other 
pen when the group had received 
furazolidone treatment for 43 days and 
the younger groups for 35 and 28 days, 
respectively. No deaths (table 2) had oe 
curred in the treated pen at this time and 
the birds appeared in excellent health. In 
contrast, 15.8 per cent of the controls had 
died, and many were sick. The character 
istic sulfur-colored droppings of infectious 
enterohepatitis which littered the ground 
of the control pen were conspicuously ab 
sent in the treated pen. On the seventy 
third day of the experiment (30 days after 
switching pens), one death 
the robust appearance of the birds in the 


oldest 


and a loss of 


TABLE 2—Accumulative Mortality from Infectious Enterohepatitis in Poults from Three 
Consecutive Weekly Hatches Exposed in the Same Contaminated Pens when 8 Weeks of Age 
and Simultaneously Treated with Furazolidone (Experiment 4) 


Days to first 


death” 
Treatment pen av 
0.02% furazolidone in basal ration 76 
grain free choice 62 
rotal 71.7 
one 21 
26 
rotal 26.3 
* From time of exposure of respective age group 


As of forty-third, seventy-third 


and ninetyninth day of experiment 


No. died/No. started at days after exposure (pen %) 


lat period to 2nd period to ird period to 


43rd day day day 
0/20 at 43 0/20 at 73 2/20 at 9 
0/22 at 35 Jat 6 1/22 at 
0/15 at 28 0/15 at 58 1/15 ated 
0/5710 
6/20 10/20 at 10/20 at 
1/22 at 3 5/22 at 65 at 
2/15 at 2s 15 at 5A 15 at #4 
9/57(15.5 1.6 22/57(58.6 
because of weekly additions to 


pens, younger groups were exposed for eight or 14 days less than the oldest group 


in treated 
feed 


t Turkeys and feed 
Control turkeys and 


pen were 


were placed in 


enge 


changed 
vacated treated 


to control pen on this day as an additional chal 


pen 


desired 
the 


that the 
exposure to 


treated pen indicated 
additional challenge by 


heavily contaminated control pen had been 


However, the turkeys were not 
Meanwhile nine more deaths 
total of 31.6 per cent had occurred 
in the control pen. By the end of the ex 
periment (99 days), 7.0 per the 
treated birds and 38.6 per cent of the un 
contols had died. The daily con 
the basal containing 
0.02 per furazolidone reduced 
considerably in total feed the 
end of the experiment because of the nor 
mal shift to 
that occurs in older poults 


achieved 
seriously ill 


lor a 
cent of 


treated 
sumption ol ration 
eent Was 
intake by 
yreater 


grain constimption 


TREATMENT STUDIE 


Kaxperiment One hundred and thirty-nine 


turkeys, 13 and 14 
enterohepatitis 


weeks old, in which infeetious 
established 
into four pens. The turkeys in one 
furazolidone for 18 
Turkeys in the two 
that 
with 


was well were ran 


lomly placed 
0.02 per cent 
19 days. 
handled 


furazolidone 


pen received 
days, the others for 


control pens were similarly, except 


they received no Grain was 


held for the 
Results, 
the turkeys in two pens with 0.02 per cent 
of furazolidone in the basal ration for 18 
or 19 days (table 3), with grain withheld 
days, resulted in the 


first eight days of treatment 


Experiment 5.—Treatment of 


for the first eight 
death of 2 of 42 birds in one pen; none of 
32 birds in the other. Deaths due to in 
fectious enterohepatitis in the two treated 
pens occurred on the sixth and nineteenth 
day of treatment, a mortality of 2.7. per 
cent; In two pens, the mortality 
totaled 16.9 per cent. Deaths continued in 


control 


TABLE 3—Mortality Due to Infectious Entero 

hepatitis in 13- and 14-Week-Old Infected Turkeys 

Treated with 0.02 per Cent Furazolidone in the 
Basal Ration*® (Experiment 5) 


No. of da 


Tota 


(irair ‘ withheld from both pens for the first 


eight days of treatment 
Deaths 


continued after termination of experiment 


t Lesions of infectious enterohepatitia present en 


spleen and other lesions indicated an 
Other deatt it 


arged hemorrhagi 


indetermined intercurrent ondition 


per rred six da ifter treatment started 
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the control after the end of the 


experiment 


riment iD of 166 


turkeys, 
divided at 


into six p ‘ ) s of turkeys 


months old, from i ‘ 7, were 


random were 


TABLE 4—Mortality from Infectious Enterohepa 
titis in 3-Month-Old Infected Poults During Fu 
razolidone Treatment (Experiment 6) 


No. of da 
© last 
leath 


14 
i4 


95 (10.9 


treatment 


untreated controls, two were give 0.011 per cent 


furazolidone, and two were given 0.0165 per cent 


furazolidone in the basal ration No was 


fed to 


grain 


birds in any pen during the two-week pe 


riod that the drug was fed to those in treated 
pens 

Results, furazolidone, 
at the 0.0165 per cent level, stopped losses 
within eight days (table 4) after a loss of 
10.9 per cent. At the 0.011 per cent level, 
it was less effective, but it did stop losses 
in one pen by the tenth day and reduced 
the average losses in the two pens to about 
one half (16.4% ) of that of the controls in 
which death had not 


and which suffered an average loss of 33.9 


Rua permment 6 


been stopped 


losses 


per cent for the two-week period 


Experiment A group of 252 infeeted poults, 


} to 4 months old, were randomly distributed into 
were fed 
0.011 per cent level in the basal ration, which was 
pelleted No grain was fed during the 12 days of 
were taken off 
placed on the 


with grain 


two large pens and furazolidone at the 


poults in one pen 
those in the 


treatment The 


treatment and other 


1.0165 per cent level of furazolidone 
offered 

Results, Experime nt 7 When 0.011 per 
cent furazolidone was fed in the basal ra 
tion as the only feed (table 5 
checked in nine days, with an average loss 
of 5.1 
tremely sick or moribund when treatment 
started, losses were anticipated. As a re 
sult of feeding 0.0165 per furazoli 
done in a pelleted basal ration to birds in 


free choi ‘ 


. losses were 


per cent. Since some birds were ex 


cent 


176 
| | 
1 10/28 
i 
19 6 
1/55(016.4 
4) f 1/28 
Tota 
o grain fed to 4a! he 
period 
lo last n per 
leath Treated 
iv or 6 
Int 16.9 
1” 12 
leatl 18 ) 
74(2.7 
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TABLE 5—Mortality from Infectious Enterohepa- 

titis in a Mixed Group of 3- to 4-Month-Old In- 

fected Turkeys During Furazolidone Treatment 
(Experiment 7) 


No. of days 
to last 
death 


No. died 
No. in 


Treatment pen (%) 


9 O1L% 


126 
126 


furazolidone 
in basal ration 4 


for 12 days 
13/252(5.1 


0165 furazolidone 1/116(0.9) 
1 accidental 
death o« 


curred ) 


in basal ration! 
from 13th to 76tl 


None 1th to 11/122(9.0 


experiment 


one pen, with grain fed free choice for the 
balance of the season, only 1 bird (0.9% 

died of infectious enterohepatitis up to 
market time. In the control pen, 11 of 
122 birds (9.0%) died in the correspond 
ing period 


Errect ON NorRMAL TURKEYS 


of 
groups 


Experiment 40 poults was di 
vided at 


brooder houses at 7 


A grouy 


two and placed 
Those 
furazolidone 
the 


furazolidone 


random into 


small weeks of age 


one house received 0.02 per cent 


three 
ration 


the basal ration for weeks: others 


ceived an identical without 


Experiment 9 Forty poults, 13 weeks old, were 
distributed t 


Those in 


eight wire-bottomed 
cage 


basal 


random into 
0.02 


for 


other received 
the 
fed 


was a 


cuges, every 


cent furazolidone in ration 
No 
Experiment 10 This repeat of 


48 poults, 8 weeks old, with 6 birds 


per 


three weeks grain was 
experi 
ment 9, using 
in each cnuge 

Experiment 11 This 


40 turkey 


was also a repeat of ex 


periment 9, hens, 23 and 24 weeks 
of ange 


Results, Experiments & 


using 


A few 
However, 
the 0.02 


to 
losses due to picking occurred 
the data (table 6) indicate that 


11 
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per cent level of furazolidone fed to 
poults, 7 to 24 weeks old, with or without 
grain did not adversely affect their weight 
gains or feed consumption. Hence, these 
criteria gave no evidence of toxicity 
Turkeys 
distributed 


Erperiment nearing production 


randomly into four 
each had 10 
of the basal 
and furazolidone 
two of the 


other 


uge were 
that 


parts 


pens, so 


females males 


ration and whole grains were 


added 
The 
ration grain 


mixed (0.02% 
fed in 


the 


was and 


35 days birds it 


the 
into 


pens for 


two pens received basal 


mixture only, They eame production whil 


on treatment 


Results, Experiment 12.—Detailed re: 
ords kept on 10 breeder turkey hens and 2 
toms in each of two pens showed no impor 
tant differences in fertility, hatchability, 
feed consumption, or body weights as a re 
sult of feeding furazolidone 0.02 % 

when compared with two like pens of con 
trols. Since similar findings were recently 
reported,” these records are omitted here 


TABLE 7—Effect of 0.02 per Cent Furazolidone 
on Sexual Maturity of Turkey Breeders as Meas 
ured by Date of First Egg (Experiment 12) 


Days after start 
No. of turkey 


(females 


of experiment first 


Treatment ege wae laid 


10 Furazolidone 


10 Furazolidone 
Av 


10 
10 


Av 


(table 
7) that sexual maturity, measured by start 
of egg production, 


An interesting finding, however, 1s 


was delayed in each 
treated pen 


DiscuUSSION 
The prophylactic experiments herein r 
ported were dependent on infection by ex 
While thi 


acquiring 


posure to contaminated ground 


simulates the method of natu 


TABLE 6—Effect of 0.02 per Cent Furazolidone on Normal Turkeys of Various Ages 


» of turkeys 
started in 


eh treatment 


Birds were on litter and received 


fed Feed 


furazolidone, ex 


grain 


no grain consumption, remarkably 


ceiving ept in experiment 11! 


n lb. by treatment and sex 


er bottomed ‘ 


wae higher groups 
eke 


da 
69 
No rain fe 
Grain fed 
in 
‘4 
re 
‘ 
| one if 
n ! 
—— 
sim 
f ‘ i Contre 
— 
4( Bwh 
I 20 and i 
14 ‘ ; 1.4 
fed for 
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ral infection, it also introduces some un 
certainty that treated and control pens 
were equally exposed. This may account 
for the variation in the day of the first 
death among some duplicate control pens 
(table 1). 
4, which were prevention studies, reduced 
mortality and the increased interval from 
exposure to first death in treated birds as 
compared with those in control pens indi 
cate that 0.02 per cent furazolidone in the 
basal ration, with grain offered free choice 
at & weeks of age, did prevent excessive 
losses from infectious enterohepatitis. Vis 
ial inspection of all pens during the ex 
periment confirmed this conclusion, since 
the treated normal, or 
nearly 80, appearance 


However, in experiments 1 to 


birds appeared 
while the haggard 
of the controls attested to their infection 

The 0.02 per cent level of furazolidone, 
with grain withheld for the first week, 
checked an outbreak in turkeys, 15 to 14 
old, in This level, 
therefore, will treat as well as prevent in 
fectious enterohepatitis 

At the 0.0165 per cent level in the basal 
ration, with no grain, furazolidone was ef 
fective in checking a outbreak in 
eight days in experiment 6. The 0.011 per 
cent level was less effective, but losses were 
reduced to about one half of those in the 
controls which The 
majority of deaths among birds in this ex 
periment which treated with the 
0.0165 per cent level occurred early in the 
treatment period the 
thin when examined, most of 
represented cases with 
fection before treatment started 
iment 7, on the other hand, 0.011 
furazolidone in the basal 
vyrain being fed stopped an outbreak 
which, as indicated by mortality data in 
table 5, was relatively mild. Thus, it is 
indicated that a 0.011 per cent is 
for treatment, except in mild in 
but can be 
preventive 


weeks experiment 5 


severe 


received no treatment 
were 


birds 
the deaths 
well-advanced in 
In exper 
per cent 
with no 


Since were 


ration 


level of 
too low 
the results suggest it 
level If 
crease at this level, the 0.0165 per cent or 
the 0.02 per cent level in the total ration 
would be indicated until losses are checked 

As noted in experiment 4, turkeys fed 
the and offered free 
choice normally shift from an initial low 
to a high ratio of grain intake in relation 
This operates to reduce the total 
drug in the total feed 


fections, 


used nS i losses in 


basal mash grain 


to mash 


amount of intake 


J ERSTAD 


aud must be constantly borne in mind 
when evaluating or computing levels 

As has been reported for lower levels,':! 
there was no indication of any detrimental 
effect of furazolidone on 7-week-old poults 
at the 0.02 per cent level, with grain added 
free choice at 8 weeks of age, nor in poults 
8, 13, or 23 and 24 weeks old without 
grain. When fed at the same level in the 
total ration starting prior to production 
and continuing for 35 days, no detrimental 
effect on breeders other than a delay in 
coming into production was observed. This 
finding has not been observed in the field 
where levels lower than 0.02 per cent are 
generally fed for shorter intervals 


) 


(‘ONCLUSION 


1) When furazolidone, at the 
cent level in the mash, 


access to grain at 8 weeks of age, 


0.02 per 
with free 
excessive 


was fed 


losses did not oceur from infectious entero 
hepatitis in poults exposed to contami 
nated ground at 6 to & weeks of age. This 
mortality and the 
greatly increased interval from time of ex 
posure to time of death in treated birds 

2 With furazolidone at levels of 0.0165 
and 0.02 per cent of the total feed, deaths 
due to infectious enterohepatitis in birds 
in infected checked 
within eight days 

3) Furazolidone, at the 0.011 per 
level in the basal ration as the only feed, 
mild 
but, in apparently severe exposures, higher 


was shown by the low 


pens usually were 


cent 


checked infectious enterohepatitis 
levels were more effective 

$4) Kurazolidone, at the 0.02 cent 
level, produced no discernible detrimental 
effect on normal turkeys over 7 
except that maturity was delayed 
when it was fed to breeders approaching 
the start of egg production 


weeks old, 
sexual 


ADDENDUM 

After this report was prepared fon 
lication, the paper of Horton-Smith 
Long* appeared. These 


of 


pub 
and 
tested 
O.0O15 to 


workers 
furazolidone at 
0.04 per cent against histomoniasis (infee 
admin 

They 


and 


tious enterohepatitis) induced by 


istration of infective Heterakis ova 


record some interesting observations 


deductions In comparabl x periments, 
* Horton Smith, ¢ 
the Control of Histome 


omp. Patt 
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their findings are similar to those reported 
in this paper 
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The Toxicity of Malathion in Chickens 


S. M. GAAFAR, D.V.M., Ph.D., and R. D. TURK, D.V.M., M.S. 


College Station, Tevas 


VakioUs new insecticides have been intro 
duced reeently in veterinary medicine. 
Among these are the organic phosphorus 
compounds of which malathion (0,0-di 
methyl dithiophosphate of diethyl mer- 
capto-suecinate) is a member. This chemi 
cal has been spray for control 
of insect pests on plants and for fly control 
in stables and barns. Bell et al.’ reported 
on the toxicity of this drug in dogs. The 
only discomfort produced in dogs by giving 
malathion, 3,500 mg. per kilogram of body 
weight orally, was vomiting within 35 min 
utes after administration. The dogs which 
anesthetized immediately after ad 
ministration retained the drug and showed 
no signs of toxicity after recovery from the 
anesthesia. Dipping of dogs four times in 
a 2 per cent solution of malathion at four 
day intervals was harmless. As a 
result of these toxicity experiments, mala 
thion in the above concentration 
ommended as a safe insecticide to use on 


used as a 


were 


also 
was rec 


dogs and in flea breeding places frequented 
by dogs 
Radeleff et al 
mum oral toxie dose for baby calves ap 
pears to be between 10 and 20 mg./kg. 
They reported, however, that sheep toler 
ated 50 mg./kg. doses but were poisoned 
by 100 mg./kg. and all higher doses. Golz 
Shaffer * that in chickens 
were no they appeared 


reported that the mini 


and 
there deaths 
normal after consumption of feed contain 
ing 100 and 1,000 p.p.m. for ten weeks. 
The average daily intake was calculated to 
be 7 mg./kg. and 90 mg./kg., respectively, 
of the 95 per cent technical malathion. At 
the 5,000-p.p.m. level, or an 

sumption of 450 mg./kg./day, 
found that 

nite signs of toxicity 


reported 
and 


average con 
these inves 
defi 


retardation 


tigators chickens showed 


such as 
of growth, slow feather development, soft 
droppings, weakness of legs, and paralysis 
head 
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sSecause of the possibility of toxic effects 
occurring in livestock and chickens on 
farms where malathion is the fol 
lowing experiments are reported 


used, 


MATERIALS AND METHOD 


Jan 14, 
Le ghorn 
Poultry 
College of Texas, 
They 


ration, 


1956, 166 ge 
chiekens, ] dla 


Ly partment at 


EKxrperiment 1 On 
White 
from the 


netic top 
old, obtained 
A.& M 
batteries 


CTOSS, 


were placed in poultry 


balaneed, 


commercial 
they 
according to 

of 
single dose 
tube 


were fed a 
W hen weeks old, 
three groups 
banded for 
birds in 


starter were 


separated into their 


weights and identification 


the 55 group 1 was given a 


of 100 mg./kg. of malathion by means of a 


The 
week for 


passed into the erop. 
dusted 
cent 


9) chickens in group 2 


were once a four weeks with 


4 per malathion powder The 56 birds in 
group 3 kept as The 


solution given to group 1 was made 


were controls malathion 
from a com 
mercial stock solution containing 25 mg. per ecubie 
centimeter. The dusting powder was a commercial 


malathion preparation containing 4 per cent pure 
wettable powder 

The chickens 
ind 3, in experiment 1, 


later in the 


malathion in a 


Experiment used in groups | 


were used again a week 


second experiment Groups 4 and 5 


group 1 
Groups 6 and 7 


were subdivisions of and coutained 27 


chickens each. were subdivisions 


of group 3 and contained 28 chickens each. On 


Feb. 11, 1956, when they 


t chickens were given 


were 4 weeks old, group 
group 5, 


group 7, 600 mg./kg. of 


100 mg 200 mg. ; 
group 6, 400 mg.; and 
malathion each orally 
Experiment 3 The 2] this ex 
White Leghorn het l ear old, 
from the Poultry Farm at A M. Col 
Their weight Ib 
birds in 


fowls used itt 
periment were 
secured 
lege of Texas 


Each of the 10 


average 
group 8 is given 100 


ere given 


mg./kg., and each of the 11 in grou 


malathion oral 


200 mg./kg. of 


RESULTS 
None of the 


(table 1) showed any signs of toxicity 
death of 1 chicken in group 1 
uted to other causes. The food consumption 
of the orally treated chickens fell for the 
first 12 hours but soon returned to normal 
The chickens which were dusted showed no 
of toxicity during the four-week 


experiment 1] 
The 


was attrib 


chickens in 


SIgnS 

period, 
In experiment 2 (table 2 

in group 4, which 


the chickens 


were given 100 mg ke 
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TABLE i—Effect of Malathion on 3-Week-Old 


Chickens 


hours from the time of the administration 
of the drug. 
In experiment 3 (table 3), in which the 
” eat ree chickens were 1 year old, the results varied 
Medication in many respects from those obtained with 
the younger birds. All the chickens in 
groups 8 and 9 showed varied degrees of 
toxicity from the malathion within three 
to 16 hours. In group 8 (100 mg./kg.), 1 
of the 10 chickens died within 16 hours of 
medication. In group 9 (200 mg./kg.), 1 
died within three hours and 5 died in six 
days, showed no signs of toxicity. One died to 16 hours. The other 5 birds survived, 
within 16 hours from the time the drug but the period of convalescence was long 
was administered but its death was attrib (1 was still lame after 3 weeks 


Av. wt 


hickens im.) deaths 


222.66 100 mg./ke 
malathion orally 
222.68 4% malathion 
dusting 
21.75 Controls 


of malathion twice within a period of seven 


TABLE 2—Effect of Malathion on 4-Week-Old Chickens 


’ Av. wt. at No. of deaths 
No. of 


chickens 


weeks 


(Gm.) Medication thr Ste 6 hr 6 to 16 hr Total 


100 mg./ke. orally None None 1 


27 101.36 
7 200 mg. ke. orally 4 1 


$05.33 
107.31 
$13.83 


400 mg./ke. orally 
600 me./ke. orally 14 


The 
shown by the 


toxicity with malathion 
chickens in the 


included incoordina 


uted to factors other than malathion signs of 


poisoning poisoned 


drowsiness, 


The chickens in group 5 were given 200 
mg./kg. seven days after the first dose of 
100 mg./kg. in experiment 1. Of the 27 
chickens, 4 died within three hours after 
the second dose of malathion was admin- 
istered, another died within six hours, and 
the rest after showing varied 
degrees of toxicity. 

The chickens of group 6 (400 mg./kg.) 
showed signs of toxicity within two hours 
after the administration of the malathion 
(their first dose Of the 28, 8 died within 
three hours, 13 died between three and six 
hours, and 5 died between six and 16 hours 
after the administration of the malathion 
The other 2 birds showed severe signs of 
poisoning for two days, then recovered 

Of 28 birds in group 7, given 600 
mg./kg. of malathion as their first dose, all 
developed severe signs of toxicity within 
two hours and all died within 16 hours; 13 
died within three hours, 14 between three 
and six and 1 between six and 16 


recovered 


hours, 


groups 
tion, reluctance to move, assuming a sit 
ting position on the hocks, excessive sali 
vation with mucus hanging from the beaks, 
slight blueness of the skin, diarrhea, 
brownish droppings tinged with blood 
coma, and death. At no time did the 
chickens show signs of nervous excitability 
or uneasiness. On necropsy of the chickens 
which died during these experiments, no 
lesion was consistently found that could be 
considered as caused by the malathion. The 
lesions frequently encountered were severe 
congestion of the heart and a darker color 
of the heart apex 
Many birds showed 
cutaneous blood 
carcass having a bluish color 


muscle, especially the 
dilation of the sub 


vessels, resulting in the 


Discussion 


These indicate that mala 
thion toxicity varies according to the route 


No signs of toxicity re 


experiments 


of administration 


TABLE 3—Effect of Malathion on 1-Year-Old Chickens 


Av. wt 
No. of atlyr 


chickens (im 


Kg 


Medication 


death 


6 to 16 hr 


orally one None 1 


mae./kg. orally 


{rrouy 
1 
2s 
8 10 
6 
one 6 
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sulted when chickens were dusted weekly 
for four weeks with a 4 per cent malathion 
food 


suggests 


their cousumption was not 
This that malathion 
might be used effectively 
stick-tight 
but 
needed before conclusions can be drawn 
The Ld 


ported by 


powder ; 
altered 
against lice, 
fleas, and mites of chickens, 


more controlled investigations are 


of malathion in the feed, as re 
(iolz Shaffer * KOO) 


appears to be too high 


{ above 
Krom the 
evident 


and 
my. 
experiments here, it is 
that 
malathion by oral administration than can 
older birds. The Ld... 
} weeks of age seems to be between 200 and 
100 mg./kyg. and, for the older fowls (1 
year old 150 and 200 mg./kg 
It is that almost all the 
poisoned birds recovered if they survived 
the first 16 hours. This may indicate that 
(a) the drug could have had a high rate 
(b) it could have 


reported 


young chickens can withstand more 


for young chickens 


between 


also of interest 


of excretion or been 
rapidly detoxified or 


acted by some unknown factor or 


possibly, counter 
factors 
in the body 

Since the malathion action in poisoned 
birds has been attributed to cholinesterase 
inhibition, it is of that the 
experiments developed 


interest 
chickens in these 
signs of parasympathomimetic activity, ex 
for the nervous irritability that is 
usually associated with action 
Whether this manifestation is completely 
absent in chickens, or is of such a transient 


cept 
this 


nature that it is not noticed, is a matter of 
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During the time that toxie 
older chickens, it was 
voided Asca 
roundworm§ of 
This, however, 


speculation 
signs occurred in the 
noticed that 
galli, the 


many of them 


ridia chickens, 
with their droppings 
attributed only to the parasympathomi 
action of the the 
Many worms were found in the 


was 
metic malathion on 
intestine 
intestine of dead birds 


pon necropsy 


SUMMARY 


Experiments on malathion toxicity to 


chickens by oral dosage and dusting were 
Birds given 4 per 


times at weekly 


performed on 297 birds 


dust treatment four 


intervals did not develop signs of toxicity 


cent 


In these experiments, younger birds (3 


apparently were more tolerant 


weeks old 
to the effects of 
kilogram of 
were older birds (1 


the 200 mg 
than 


malathion at 


per body weight level 


old 


The signs of poisoning with malathion 


in chickens are described 
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Comparative Histopathology of Skin Reactions in the Chicken, 
Turkey, and Canary Infected with a Strain Variant 
Canary Pox Virus 


BENJAMIN V. SIEGEL, Ph.D., 


Berkeley, ¢ 


THE PREDOMINANT FEATURE observed in 
the diseases produced by the viruses of the 
pox group is the papular cutaneous erup 
tion. A filterable agent reportedly isolated 
from a human skin papilloma,’ and eultiva 
ble on the chorioallantoic membrane of the 
embryonating hen’s egg, was identified as 
a strain of avian pox virus when inocula 
tion of the agent into defeathered chicken 
skin gave rise to pocklike lesions.2. Fur 
ther revealed that the 
virus produced lesions in the turkey and 
canary in addition to the chicken, but 
failed to do in quail, pheasants, pi 
geons, and ducks.” A histological study 
was undertaken to determine the response 
of cutaneous epithelium to infection in 
each of the three susceptible species The 
results of this study are reported herein. 


host range studies 


SO) 


PROCED 


The virus 
allantoic membrane suspension originally 
Dr. J. A. Bivins egg- passaged 
18 times in this laboratory. Stock 
the membranes 
Leghorn 

About 10° particles, 
amounts, were to the 
10-day-old eggs,* and the eggs 
at 36C, The 

lesions at 96 


employed was contained in a chorio 


received 


from and serially 


virus was 


of 


hours 


some 
chorioallantoie 
eggs infected 
infective viral 


prepared from 
fertile White 

previously 
0.1-ml 


96 


in inoculated on 


chorioallantois of 
then 


showe dl 


were membranes 


confluent hours were 
harvested by removing only that part of the mem 
at the of the artificial This 
was ground in a mortar and pestle with 
1.0 ml. of medium 199° per mem 
then centrifuged at r.p.m. for 
The resulting supernatant, which 

stock of 


be was 


sealed glass ampules 70 ¢ 


whieh 


brane base air sae 


material 
sterile sand and 


2 000 


brane, and 


ten minutes 


the suspension virus, was 


It 
at 


represented 


to undiluted. routinely 


considered 
stored 


The chickens employed in this study 


were from 


the Single-Comb White Leghorn flock® maintained 


From the Virus Laboratory, University of California, 


Berkeley 
This 
Society 


Dr 


was aided by the American Cancer 


address 


investigation 
institutional grant 
pre 
of 
Dr 


titutes of 


sent is Department of Pathol 
of Medicine, San 


postdoctoral fellow of 


Siegel's 


niversit California School 


Healt 


and R. W. LEADER, D.V.M. 
‘alifornia 


of the Uni 
flock origi 
period of 
history of 
weeks old, 
old, 
commercial 


vith 


Hushbanel 
lhe 


whole 


Poultry 
Berkeley 


the 


Divi 


of 


by the ion of 


California at 


1933 


versity 
nated 
observation, there has 
of the pox group. Mal 
female Gluck Roller 
They were 

Defeathered skin 
a sealpel, and undiluted virus suspension then wa 
of a stiff bristled 
histological examination, skin 
following viral 


in and, during 


been no disease 


turkeys, ind 


canaries, 6 months were 


used obtained from a 


source areas were scarified 


applied by means brush 
For 


removed by 


lesions were 
day 


fixed 


biopsy on the 
The 
embedded 


inoculation, tissues were in 10 per cent 


in paraffin, sectioned, and 


formalin, 


stained with hematoxylin and eosin 


RESULTS 


In chickens, discrete papules appeared 
in inoculated areas usually in four to six 
days rarely confluent, 
were never observed to become pustular 
formation, 


Lesions became 


or to be accompanied by scab 
and were generally completely healed ten 
to 14 days after their appearance. The 
course of the infection in turkeys was al 
In the canary, the lesions 


most identical 


Fig. 1—Normal chicken skin. x 200 


j 
4 
— 
43G 
18 


B 


became confluent, resulting in seab forma- 
tion followed by death in 19 to 20 days 
after inoculation. 
are shown through normal 
chicken skin (fig. 1) and through the le- 
sions in the inoculated chicken (fig. 2). The 
lesions in chicken and turkey skin were 
characterized by a marked inflammatory 
reaction in the corium and deeper layers 
of the subcutaneous connective — tissue, 
while the epithelium itself showed only 
slight thickening. The inflammatory reac- 
tion in the subcutaneous tissue was se- 
however, with marked congestion 
and The most outstanding lesion 
was a heavy infiltration of inflammatory 
cells extending to a depth of 2 to 3 mm. 
the epithelium. Most of these 
were of the mononuclear type with 
a few polymorphonuclear cells being seen. 
There 


tion characterized by pyknosis in many of 


Sections 


vere, 
edema 


beneath 
cells 
evidence of 


Was nuclear degenera 


‘ 
Fig. 2—Infected chicken skin showing subcutane- 


ous infiltration but normal epithelium. x 200. 
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the inflammatory cells. No inclusion bod 
ies were observed 

The skin sections from infected canaries 
(fig. 3) showed marked changes in the 
epithelium as well as in the subeutaneous 
The epithelium of the affected 
areas manifested a marked thickening, 
which was most pronounced at the 
ters of these areas, tapering off gradually 
to normal thickness at the peripheral re 
gions of the lesions. There was some in 
crease in the stratum corneum, but 
of the cell proliferation was in the stra 
tum malpighii. The cells within the area 
of thickened epithelium showed evidence 
of degeneration which varied from hy 
dropie change to complete nuclear disin 
tegration. Many of degenerating 
cells contained eosinophilic inclusion bod 
ies (fig. 4). The smaller bodies appeared 
to be homogeneous in structure, while the 
larger inclusions appeared vacuolar with 
the periphery staining more intensely than 
the center. Some of the largest inclusions 
exhibited a granular appearance, suggest 
ing that they might be composed of clumps 
of elementary bodies. The spectrum of in 
clusion bodies resembled closely that de 
scribed by Burnet and Barnard’ in the 
skin lesions induced by the Kikuth canary 
pox virus.* 

In the dermal layers, immediately below 
the epithelium, a severe inflammatory re 
action with marked congestion and edema 
was observed. There was profuse cellular 
infiltration composed chiefly of mononu 
clear cells with a few polymorphonuclear 
cells. There was also considerable clumping 
of chromatin nuclear 
degeneration. 


tissues, 


most 


these 


material 
The numerous cytoplasmic 
inclusions described by Burnet and Bar 
nard,’ however, observed. This 
severe infiltration carried to a depth of 
about 2 to 3 beneath the basal layer 
of the epidermis In the deeper layers of 
subcutaneous connective below the 
severely infiltrated zone, there was marked 
diffuse edema and The 
infiltration with inflammatory cells, al 
though diffuse, was much less dense than 
in the more superficial layers of the sub 
The cytoplasm of many 


suggesting 


were not 
mm 
tissue 


some congestion 


cutaneous tissues 
of the macrophages was vacuolar, but no 
The inflam 
subcutaneous tis 
sues was generally extensive than 
that of the epithelium and was observed 


were 
the 
more 


inclusion bodies seen 


matory reaction of 


x \ 
OSS. 
A? 
Gy. 


Am. J. Ver. Res 


STRAIN VARIANT 


to extend laterally beneath regions of 


normal epithelium. 


DISCUSSION 


On the basis of lesions produced in the 
skin of chickens, turkeys, and 
this agent was previously classified as a 
tripathogenic strain of avian pox.** The 
present observations have elucidated, fur- 
ther, that the lesions produced are less 
severe in chickens and turkeys than in 
canaries. In the chicken and turkey, the 
predominant pathological feature was a 
marked inflammatory reaction in the eo- 
rium and deeper layers of the subeu- 
taneous connective while the epi 
thelium itself remained essentially normal 
In contrast, infected canary skin mani- 
fested marked changes in the epithelium 
as well as in the subcutaneous tissues 
There was massive epithelial hyperplasia 
with the formation in the cytoplasm of 
numerous eosinophilic inclusion bodies, 

The skin lesions induced in the chicken 
and turkey were relatively mild and trans 
ient, seldom progressing beyond the papu 
lar stage and completely healing within 
three weeks following viral inoculation. In 


Canaries, 


tissue, 


(CANARY 


Pox Virus 


the canary, the lesions became confluent 
and showed marked scabbing, followed by 
death at the end of the third week. Thus, 
greater virulence of the virus for the ca 
nary, a8 manifested by the intracytoplas 
mie inelusions induced in the parasitized 
susceptible cells, was substantiated by the 
observed gross reactions , 
Such differences, as observed here, in 
the ability of this strain of virus to infeet 
different species, and the extent of this 
infection, are characteristic of the bird 
pox diseases, as well as of the mammalian 
poxes, and are difficult to explain. Since 
infection with this virus was demonstrated 
previously to be influenced by the age of 
the host,® all birds used were 6 months old 
or younger, Other hypotheses which might 
be invoked to explain this phenomenon are 
the genetic factors and those of hormonal 
balance in the various species. It should 
be noted that the virus was incapable of 
producing any lesions in quail, pheasants, 
pigeons, and ducks. Some investigators 
have suggested that cytoplasmic inclusions 
readily formed in cells which 
from the injurious effects of 


virus multiplication 


were most 


suffered least 


Fig. 3—Infected canary kin es vesicle surrounded by hydropic epithelial cells. There j is 
also a marked subcutaneous infiltration. x 120 


> -4 


V 


Fig. 4—Infected canary skin showing individual 

cells containing intracytoplasmic inclusions (a). 

These bodies are bright red in stained prepara 

tions, The nuclei (b) are pushed to one side of the 
cell and show pyknosis, x 1,000 


findings with 
pox Vi- 


Brunett reviewed the 
two other tripathogenie canary 
ruses which produced skin lesions in the 
chicken and pigeon. In one case, typical 
inclusions were observed in the epithelial 
cells of the chickens and pigeons as well 
the canaries; while in the 
case, the lesions in chickens and pigeons 
Durant and MeDougle ™ 
mentioned having observed numerous vi 
rus inclusions in the skin from 
canary lesions and turkey lesions but none 
in the sections from chickens. In the his 
tological studies described here, inclusion 
bodies were observed only in the cutane 


as of second 


were nonspecific 


sections 


ous lesions of the canary 
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im. J. Ver. Res 
JANUARY 1957 


LEADER 


SUMMARY 


A variant strain of virus, 
when inoeulated into scarified, defeathered 
areas of the skin of the chicken, turkey, 
and canary, regularly produced cutaneous 
papular eruptions. Histological examina 
tion revealed the lesions in the chicken and 
turkey to be characterized by marked in 
flammation in the corium and subeutaneous 
connective tissue with the epithelium re 
maining essentially normal. In the canary, 
there was proliferation of epithe 
lium with numerous intracytoplasmie in 
clusions, as well as subcutaneous 
Grossly, the lesions in the chicken 
and turkey were usually mild and transi 
ent, while in the canary the lesions became 
confluent and formed thick scabs 


canary pox 


TNASSIVE 


severe 


lesions 
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A Comparison of the Effect of Gallogen and Sulfarlem 
on the Normal Bile Flow of the Cockerel 


THOMAS B. CLARKSON, D.V.M.; J. STANTON KING, Jr., Ph.D.; 
NELTA H. WARNOCK, B.S. 


Bristol, T¢ 


shown to retard 
tissue cholesterol elevations in 
With 
mammalian experimental animals, several 
workers have reported that gallogen is 
choleretic, it 


(FALLOG has been 


serum and 


cholesterol-fed cockerels.’ man and 


causes an in 
unattenuated 


a ‘true 
production of an 
bile, having a normal specifie gravity and 
constitution dealing with the 
ability of gallogen to lower serum choles 
terol levels of cholesterol-fed cockerels, it 
was postulated that its ability to increase 


creased 


In a paper’? 


the biliary secretion of cholesterol and bile 
salts might participate in this effect. This 
communication reports experiments which 
were designed to evaluate the effect of gal 
logen on bile secretion by the cockerel and 
it in this regard with sulfarlem 
1,2-dithiol-3-thione 

‘to be an active 


to compare 
(5-(p-methoxypheny! 
which has been reported 
choleretic 


MerHops 
weeks 
The 


anesthesia 


White Leghorn eockerels, 14 
ibout 1.2 


Single-comb, 


veighing 
place al 


old and kg., were used 


birds under mild general 


by the 
mg. per 
ind restrained to a 


were 
intravenous injection of approximately 30 
body weight of napental ® 
table with the right 


bird facing the operator. The 


kilogram of 
lateral 
ispect of the oper 


itive site was then prepared for surgery. A 5-em 


incision was made in the abdominal wall begin 


ning just posterior to, and parallel with, the last 
rib, The duodenal loop lies just under the incision 
site The hepatie bile 
posed by blunt The hepatic 
and the cannulated 


duets were ex 
duet 
with 20 


a ligature 


and eystie 


dissection was 
duet 


tubing, secured with 


ligated eystie 
gauge polyethylene 
The duodenum s returned to the abdominal eav 
which was closed with wound elips (or sutured, 


fistulae 


ity 


in the ease of birds used for ‘‘chronic’’ 
t nd of the 


hourly bile 


leaving the polyethylene cannula ex 


teriorized for collection. Sedation was 


maintained when necessary 


In experiment 1, 5 cockerels were cannulated 


and bile collection was begun immediately A 


Masseng 


earch Department, 8. I 


amine salt of the mono smphori 


dimethylbenzyl alcoho 


three- or four-hour control period was used, Three 
of the birds 
solution containing 
liter, 1 
continued 

The volume of the bile 
to the and the 
for the total solids remaining after 
three Cholesterol w 
Zlatkis et al.” in the 
treated 


were given intravenously | ml, of a 


gallogen per milli 


and the 


1) mg of 


bird SO mg. per os, colleetion 


samples was measure 


nearest 0.05 mil weight reeorded 


taking to dry 
ness hours at 


plus 
determined by the method of 


samples from the intravenously birds 


In experiment parallel control birds were sub 
stituted for the control period used in experiment 
1, to permit a longer observation period after ora 
administration of the drug 

Five cockerels 


water by tube, cannulated, and bile col 


control were given 10 mil. of 


stomach 
began 20 minutes after the dose of water 
total 


other 


lection 


The volume and solids of the samples wer 


cockerels were given 80 mg 
10 mil. of 


measured Five 
water, and their 


their 


of gallogen dissolved in 


bile exeretion studied exactly as for paralle 
controls 


Two of the > were 


control birds from experiment 
after 


bile seeretion was steady 


also used for experiment 4, 24 hours can 


nulization At this time, 
in volume and had presumably reached equilibriun 
bile 


anesthesia, 


with hepatie production. Simple restraint 


satisfactory here Two 


colleeted Kight 
dissolved in 10 mil. of 


with no wis 


control were 


gallogen 
water was given orally at the end of 


one-hour samples 


milligrams of 
the second 
hour tile collection was continued for a 
The total 
were determined a 


control 


further five or six hours volume and 
solids eontent of the samples 
in experiment ] 

effects of sulfarlem 
with those of gallogen under the same conditions 
bile 
bird 


were given 


In order to compare the 


were produced in 3 ecockerela, One 
bird, 
mg., 
was colleeted for periods up ti 
drug 


measured 


fistulae 


was used as a control and 2 birds 


orally 3 mg. and 6 respective! 
Bile 
after the 


total 


of sulfariem 


four hours administration of the 


and solids content were 
gallogen 
birds 
cannulated 24 
experiment 


collected, 


Volume 
is in the 
evetic duet 


which the 


previously, as is 


Two were used in 


had 
the gallogen 


been hours 


Two one-hour eontro 
after mg. of 
to each of the 2 bird 


further 


samples were which 15 
given orally 


then 


sulfarlem was 
Bile 


three or 


collection was continued for a 


four hours. The samples were measur 


is before 


lene 

he 
dest 


) 
u u 
es 
cg F 


Ltd t 2 
t 
9 
) 
t 
‘ 
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EFFECT OF GALLOGEN AND SULFARLEM ON COCKEREL BILE FLow 


TABLE 3—Effect of Orally Administered Gallogen on Bile Secretion by the Cockerel 


Control 


Done 


me 
20 meg 
and 2 the 


milliliter of 


same 
bile 


* Birds 1 


of total solids per 


were 


ReEsSULTS AND DISCUSSION 


The of experiments 1, 3 
with gallogen are presented in tables 1, 
2, and 4, respectively. Gallogen evidently 
possesses no significant ‘‘true’’ choleretie 
activity in the cockerel and, therefore, this 


results and 


TABLE 4—Effect of Sulfarlem on Bile 


mil mg 
(Control 


60.7 


15 mg. orally 


birds 1 
cannulated 


The atic ducts of and 2 were 


f birds 3, 4 
4 


ducts o and vere at the 


treated birds and 5 
action can not be involved in its ability to 
lower the serum cholesterol of cholesterol 
fed cockerels. The small choleretic activity 
observed is probably a reflection of the ob 
ligatory biliary excretion of the drug, com 
parable to that found with such drugs as 
sodium salicylate 

Gallogen’s hydrocholeretic activity, found 
only after the intravenous administration 
of the 40-mg. dose, is slight and of approxi 
duration. The biliary 

was unchanged after 


mately two hours’ 


cholesterol excretion 
intravenous gallogen 
The results of the experiments with sul 
farlem are shown (table 4 An 
in the biliary volume occurred three to four 
hours after the oral administration of the 
drug, a result similar to that reported for 
* An oral dose of 3 mg. is apparently 
An un 


ambiguous estimation of the percentage in 


Inerease 


dogs 


as effective as a 15-mg. oral dose 


crease 1s not possible because of individual 


variation among birds in bile output, and 


birds designated on table 


cannulated 


time o 


Hours of bile secretion 


After 


gallogen 


4 


mi. mg./ml me./ml mi. mg/ml 


20.4 


control birds milligram 


since the volumes involved are so small 
and also gradually decline in the unmedi 
cated cockerel, it appears of the 
order of 200 to 400 per cent. The decline 
bile that 


cockerels is) presumably 


to be 


unmedicated 
to the facet 


in flow occurs in 


due 
Secretion by the Cockerel 


No 


6 me. orall 


The t 


ontrol for 


prior veriment 


periment ved as a 


that the hepatointestinal recirculation o 


the bile salts has been interrupted 
SUMMARY 

A procedure for studying bile secretion 
by the cockerel is described, The data show 
that the ‘‘true’’ 
for gallogen ® in 
perimental animals does not manifest itself 
the therefore, could 
involved the ‘‘hypocholesterolizing’ 
of this compound. Sulfarlem in 
the bile volume of the 
approximately 200 to 400 per 


choleretic action reported 
man and mammalian ex 


in cockerel and not 


be in 


effect 
CTeases cockere!] 


cent 
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Studies on the Histopathology of Leucocytozoon Simondi 
Infection 


JAMES W. NEWBERNE, D.V.M., M.S. 


India napolis, India na 


IN 1890, Danilewsky' introduced and used 
the term Leucocytozoon to designate cer- 
tain nonpigmented parasites of avian 
blood which he believed to be inhabitants 
of the leukocytes. 

O’Roke worked out the 
the life history of L« 
Huff Fallis et al,* 
ited to our knowledge of the 
Cook 
regarding the 


general features of 


ucocytozoon simondi, and 


and subsequently contrib 
various stages of its 
nitly 


host 


resolved the 
ct il 


demonstrating a 


development has ree 


question type involved 


n gametocyte development 
complete developmental series erythroid cells 
Briefly, the life eyele of L 
ows macro and 
black 


birds 


simondi is as fol 
microgametocytes are 
flies (Simuliidae) as they 

The 


ingested 
feed 
formed 


species of 


ipon infected zygote which is 


becomes elongated motile ooeysts 


Resulting 


levelop to maturity and release sporozoites which 


flies to susceptible 
invade cells of the 
epithelial cells of 


transmitted by the 
These 


loendothelial 


ire then 


birds organisms reticu 


system, or various 


organs, and develop into sehizonts which iif} 


merozoites. The 
cells of the 


mately mature and produce mero 


zoites, in turn, may penetrate ecireulat 


ing blood and develop into gametocytes, or the 


may penetrate other tissue cells and repeat the 


schizogonous 
Although a 


Leucoevtozoon 


phase 


majority of the investigations of 


infection have been eoneerned with 


the biology of the parasite, the principal gross 
simondi infection have been reported 
Huff,° Fallis et 


Principal pathological alterations in 


lesions in J 
by O’Roke,* 
ind Sadun 
both 


and Chernin 


infection in 
turkeys 


Leucocytozoon sakharofii crows 


ind Leucocytozoon amithi infeetions in 
submitted to the Graduate School, Ala 
Institute Auburn, in fulfill 
requirements for the M.S 1954) 
Pitman Moore 


From a thesis 
bama Polytechnic 
nent of the 


Dr Newborne is a 


partial 

degree 

pathologist with the 
Indianapolis, Ind 

For assistance and suggestions given during the course 

of this investigation 

i Seibold, W S 


hbama 


appreciation is extended to Dre 
Bailey, and RK. EF. Thorson, Ala 
Institute and to Dr 

Alice R 


histological 


Polytechnic Auburn 


hernin and Mrs Cook for loan of the 


ssues for study 
To preserve 


osed by Huff are 


ont a8 ove 


continuity the descriptive 


used He described the 


terms 

hepatic schi 
urring in and apparently limited in size 
epati cells and the 


hizont fo e the 


megaloschizont as a much larg 


heart, liver, spleen, and intestine 


tomere i i m denoting individual formations o 


ane ‘ eloping echizonts, and the term mer: 


idual organisms 


on The 


te denotes found in the fir 


stage found n 


have been reported by Wingstrand id New 


berne,’ respectively. 

The purpose of this report is to present 
a histological description of the 
tissue changes induced by L 


various 
simondi, and 
to point out certain morphological charac 
teristics of exoerythrocytic stages 


MATERIAI D METHODS 


Material for study was collected from 42 duck 
black flies 
vicinity of the It 


Station 


which had been exposed to the bite of 
in enzootic ares im the niversit 
Fifteen of th 


parasitized by the 


of Michigan 
duc ks, 


tion of 


Biological 
shown to be demonstra 
gametoeytes in 
peripheral blood 


lected for the 


Coiemsa-stained smears of 
prepared antemortem, were 
following studies on the hist« 
pathology 
Seven birds were 


group | exposed during the 


summers of 1948 to 
birds (group 
of 1951 and 1952 by 


observatio ‘ ‘ mm the 


1950 by Chernin * and & 


were exposed during the 


(ook In both 


instances 
ematolog of the 
‘ , Various tiss ere preserves 
at necrop and later 
The dueks 
died 11 to 
in group 
strovyed eight 


utilz present stud 


| were heavi infected 
while thom 


infected and 


group 
days following exposure, 
less heavily were 
days following exposure, Thre« 
served as eontrol 


tudied 


unex poser ducks 


The organ were the lung i 


hevs, spleen, brain, heart, intestines, pancresa 


and bone marrow Representative 
fixed in Zenker 
washed, dehydrated, 


Sections were cut at 7 uw 


sections from 


each organ were fluid (9.5:0.5 


and were and embedded it 


paratin and stained 


with hematoxylin and eosin for routine study 


Giiemsa stained dupheate sections were 


prepare ad 


from each organ, Serial sections were made from 


selected organs and the following 


Mallory ’s 


Heidenhain's 


special stains 


were employed phosphotungstie 


icid 


hematoxylin; modification of Ma 


lory’s stain for connective tissu 


Fuelgen’s stair 
for thymonueclei Gram's 
Perls 


siderin; and Lillie’s 


neid; stain modifi 


tion of Prussian blue renetion for hem 


periodic acid leuneo fuel 
Lat SIONS 
SIMONDI 


Toe of 


Li UCOCYTOZOON 
Host 
Cells 


vametocy tes 


PRODUCED BY 


Parasitized 
Both round and elongated forms of 


were 


Tissue Reaction to 


»bserved in the tissue 


( 


tra 


5 
. 1—Megaloschizont of Leucocytozoon simondi in the brain of a duck. Note cellular re 
action (A) and round cytomeres (B). Stain, hematoxylin and eosin. x 233. 
Microscopic scar in the brain of a duck, a sequel to rupture of a megaloschizont of 
L. simondi, Stain, hematoxylin and eosin. x 253. 
i—-Megaloschizont of L. simondi in the lung of a duck (A). Note the prominent cellular 
reaction (B). Stain, hematoxylin and eosin. x 233 
4—Section of liver from a duck with severe L. simondi infection. Note confluent central 
necrosis (arrows). Stain, hematoxylin and eosin. x 166 
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athe, 
Fig 
Fig 
Fig 
| 


Fig. 5—Gross appearance of spleen from a duck with severe Leucocytozoon simondi infection 
(A) compared with that of a normal control (B). (Courtesy of Dr. Eli Chernin.) 
Fig. 6—Section of spleen from a duck with severe L. simondi infection. Note altered splenic 
architecture and proliferation of macrophages (arrows). Stain, hematoxylin and eosin. x 300 
Fig. 7—Hyalinization of adenoid sheath cells (arrow) in the spleen of a duck with severe 
L. simondi infection. Stain, hematoxylin and eosin. x 233. 
Fig. 8—Section of cardiac muscle from a duck with severe L. simondi infection. Note diffuse 
and focal lymphocytic infiltrations. Stain, hematoxylin and eosin. x 233 
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of most birds with the lungs, liver, and 
spleen showing the greatest concentra- 
tions. The capillaries of these organs were 
markedly distended due to the presence of 
these parasites, but there was no histologi 
cal evidence of local host tissue reaction to 
them in any of the infected ducks. Fur 
thermore, in 3 ducks with hepatic schi- 
zonts, there was no apparent host tissue 
reaction to the parasitized hepatic paren 
chymal cells 

Megaloschizonts were found in the 
brains of 9 ducks. In three of these brains, 
there was a moderate to marked cellular 
reaction around most of the schizonts pres- 
ent (fig. 1), whereas some schizonts in the 
same sections had elicited little or no re 
action. In the remaining six brains, only 
occasional schizonts were found, and these 
with slight to moderate 
In all cases, the megalo 


were associated 
cellular reaction 
schizonts developed adjacent to, or in close 
association with, small blood The 
host tissue reaction in the brain was char- 
acterized by proliferation of large mono- 
nuclear cells which apparently stemmed 
from mesenchymal cells in the perivasecu 
lar area. An envelope composed of one or 
more layers of these proliferating cells 
partially or completely surrounded the 
schizont. This was invariably thicker on 
the side nearest the blood vessel. However, 
in any one section there might have been 
schizonts about which cellular reaction did 
not occur. Megaloschizonts which had rup 
tured and were depleted of 
were filled with an eosinophilic coagulum 
and large mononuclear cells. There were 
microscopic sears (fig. 2) 


of depleted 


vessels. 


merozoites 


also scattered 
apparently the 
megalosehizonts 

Megaloschizonts were found in the lung 
tissue of 3 ducks and elicited a variable 
host reaction. In 1 duck, a well-marked 
cellular reaction, several layers thick, was 
This consisted 


remnants 


found around the schizont 
of lymphoid cells, plasma cells, and large 
mononuclear cells interspersed with seat 
tered fibroblasts (fig. 3 Another bird 
showed a similar but less pronounced re 
action, and a third, none 
Megaloschizonts in organs 
the brain and lung failed to elicit any lo 


other than 


cal host tissue reaction 
Phosphotungstic acid hematoxylin 

Heidenhain’s stains revealed a well-defined 

reticular which 


and 


wall of fibers eirenum 
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liver, 
In con 
wall of 
about 
mar 


scribed megaloschizonts in the 
spleen, brain, lungs, and kidneys 
thin but poorly defined 
tissue was demonstrated 
the heart, 


trast, a 
reticular 
megaloschizonts in 
row, and intestine 
Pathological Changes 
General Systemic Infection.—Liver. 
birds in group 1 and 1 bird in group 
showed severe alteration of the liver. There 
which, in some in 
stances, widespread and severe 
that necrotic areas had become confluent 
(fig. 4). The damaged areas contained nu 
merous dead parasi 
tized blood cells, and macrophages, most 
of which contained pigment and cellular 
debris. There were marked periportal lym 
phocytic infiltration and slight to marked 
diffuse lymphocytic infiltration through 
out the liver. The diffuse lymphocytie in 
filtration was remarkable in that the infil 
trating lymphoid cells were found in both 
the sinusoids and the hepatic cell cords 
Many individual lymphocytes had pene 
trated the sinusoidal walls and become 
wedged between hepatic parenchymal cells 
Many of lymphocytes within the 
liver cords were pyknotic, and their cyto 
plasm had into an eceentric 
pink-staining globular mass. Other lym 
phocytes which had penetrated the sinus 
oidal walls had not pyknosis 
and their identity was readily established 
Many of the Kupffer’s cells in the undam 
aged areas and macrophages in the nee 
markedly enlarged and 
amount of pigment 
histochemical 


bone 


with 
Five 
9 


Associated 


was central necrosis 


was 80 


parenchymal cells, 


these 


condensed 


undergone 


rotie zones were 


contained a variable 
which 
tion for hemosiderin 

Spleen.—All 
group 2 


the spleen 


gave a positive reac 
and 1 in 
enlargement of 


birds in group 1] 
marked 
Microscopically, this 


due to 


showed 
(fig 5 
appeared mainly 
proliferation of 
sulted in 
the normal splenic architecture 


congestion and 


macrophages which re 
complete obliteration of 
The 


showed a“ pre 


almost 


cal microscopic field (fig. 6 
dominance of blood cells and macrophages 
and fewer lymphoid ular cells 
The macrophages wer con 
large 
debris 


and 

swollen and 
quantities 
Most Ol the 


hyaline ma 


tained 
cellular 
sheaths contained considerabl 
terial that displaced the 
hvaline 


of pigment and 
adenoid 


separated and 


adenoid sheath cells (fig. 7 This 


change was most striking it he spleens 


Fig Hepatic schizont of Leucocytozoon simondi (arrow) in duck liver. Stain, hematoxylin 
and eosin, x 1,833 
Fig. 10—Megaloschizont of L. simondi in duck spleen. Note island division of cytoplasmi 
masses (arrows). Stain, hematoxylin and eosin. x 300 


Fig. 11—Megaloschizont of L. simondi in duck spleen. Note that cytoplasmic masses (arrows) 
are round to ovoid. Stain, hematoxylin and eosin. x 300 
Fig. 12—Megaloschizont of L. simondi in duck spleen (arrows). Note that cytoplasmic masses 
are approaching homogeneity. Stain, hematoxylin and eosin. x 266 
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where the Schweigger-Seidel sheaths could 
still be recognized. Splenomegaly was not 
correlated with the presence or absence of 
megaloschizonts in that organ. In a few in 
stances, the normal architecture remained 
intact even though the spleens contained 
large numbers of megaloschizonts 
Lungs.—Several birds from both groups 
showed pulmonary congestion. The 
severely affected were thickened by infil 
tration of the air space septums with large 
histiocyte-type cells containing cellular de 
bris and tra@es of pigment, none of which 
gave the histochemical reaction for hemo 
siderin 
showed 
filtration 
Heart.—Several birds from group 
showed lymphocytic infiltration in the 
heart, primarily around blood vessels of 
the interstitial tissue in the subepicardial 
area (fig. 8). Lymphocytes, singly or in 
aggregates, were also present along capil- 
laries and occasionally in adjacent inter 
muscular areas deep in the myocardium 
Bone Marrow.—Bone marrow was avail- 
able from only 5 ducks in group 1. In 
each case, there was moderate to marked 
hyperplasia and replacement of fat by 
actively proliferating cellular elements 
Other Organs.—There were no signifi 
cant histological changes attributable to 
general systemic infection in the pancreas, 
intestines, or brains of any of the infected 
ducks 


more 


The lungs of several birds also 
patchy areas of lymphocytic in 


each 


issue STAGES 


Tissue stages were found in 12 of the 15 
ducks. Hepatie schizonts were found in 
only 3 birds of group 1. Megaloschizonts 
were found in all birds of group 1 and 
in 5 birds of group 2 in one or more of 
the following organs: liver, spleen, heart, 
lungs, brain, kidneys, intestines, and bone 
marrow 

The hepatic schizonts (fig. 9 
lar in essential detail to those deseribed by 
Huff.” They were located within paren 
chymal cells. Morphological changes of the 
invaded hepatic cell either did not occur 
or were very slight, since there was no ap 
parent distortion of either the host cell or 
its nucleus. 

Megaloschizonts in several stages of de 
velopment were observed in the spleen 
The intermediate and more mature forms 


were simi 
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were spherical and varied in size from 
52.5 to 122.5 » in diameter. In all stages 
of the maturation process, the parasitized 
host cells had undergone such marked hy 
pertrophy and distortion that their iden 
tity could not be conclusively determined 
In spleens with minor alteration and with 
adenoid structures still intact, the megalo 
schizonts developed almost without excep 
tion in association with Schweigger-Seidel 
sheaths. A stage in which the cytoplasm 
divided into (fig. 10) 
In several of the megaloschizonts (fig 
11), a majority of the ecytomeres were 
spherical and usually from 
other cytomeres in the same schizont 
Part of the original island structure re 
mained in a megaloschizont (fig. 12) in 
which the cytomeres appeared to have 
ripened individually and produced large 
numbers of merozoites. As the sehizont 
approached ultimate maturity, the pro 
nounced demarcation of islands and cy 
tomeres tended to disappear, and the host 
cell cytoplasm homogeneous 
mass of merozoites 

Phosphotungstic acid 
vealed a differential staining reaction of 
the The younger ecytomeres 
were markedly acidophilic, but gradually 
became basophilic as they matured and 
produced merozoites. Several schizonts 
contained both young acidophilic cyto 
meres and more mature basophilic cyto 
and indicating asyn 
chronicity. chromatin 
by Fuelgen’s stain for thymonueleie acid 
was not possible since these tissues had 
been fixed in Zenker’s fluid. The internal 
structures of the schizonts did not stain 
differentially with Gram’s stain, periodic 
acid leuco-fuchsin stain, or Heidenhain’s 
modification of Mallory’s connective tis 
sue stain. 

Megaloschizonts in the brain differed in 
morphological development from those in 
the spleen. They, too, were spherical and 
showed greater variation in size (14.0 to 
117.5 yw), but early island divisions, so 
prominent in the spleen, were not seen 
The earliest stage observed, even though 
small, already contained spherical cyto 
meres which showed considerable varia 
tion in size (fig. 1 

Megaloschizonts in the heart varied con 
siderably in morphology from those in both 
the spleen and brain. They generally de 


islands is shown 


separated 


contained a 
hematoxylin re 


cytomeres 


meres merozoites, 


Demonstration of 
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veloped in capillaries or adjacent tissue, 
and were elongate in longitudinal section 
( fig 13 ovoid in 
14) 


Megaloschizont development in the kid 
lungs, and marrow 


and cross section fig 


intestines, bone 
was similar in general detail to that in the 


spleen 


neys, 


DisCUSSION 


Local host tissue reaction to megalosehi 
zonts occurred in the brain and lungs but 
not in other and not to hepatic 
schizonts or gametocytes. The paucity of 
tissue reaction is not surprising, since the 


organs, 


parasite is intracellular. Because all stages 
of the parasite are generally assumed to 
be intracellular, a logical explanation for 
the tissue reaction which occurred in rela 
tion to megaloschizonts in the brain, and 
to some of those in the lungs, was not 
determined 


Megaloschizonts in all the organs were 


enveloped by a capsular wall of reticular 


fibers. This reticular capsule is not prop 


erly classified as a tissue reaction per se, 


A 


cardiac muscle. 


Stain, hematoxylin and eosin. 


id 
13—Elongated megaloschizont of L. simondi 
Stain, hematoxylin and eosin. 
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except in the brain, since it apparently 


from 
fibers on the 


results existing 
reticular surface of the ex 
panding megaloschizont. In the brain, how 
ever, the megaloschizonts develop within 
cells directly associated with blood vessels, 
than in the Since 


tissue as such 


condensation of pre 


rather nervous tissue 
the nerve 
reticulum, the reticular wall that develops 
around the schizont apparently develops 


from the proliferation of large, mononu 


does not contain 


reticulum-producing mesenchymal 
cells associated The 
cellular reaction around any given schizont 


clear, 
with the blood vessels 


was heaviest on the side nearest the associ 
ated blood vessel, since it was from the 
vicinity of this vessel that the reactive 
cells were derived. Thus, the intensity of 
cellular reaction seen around a given meg 
aloschizont in the brain varied with the 
level at which the parasite was sectioned 

Histopathological alterations attributa 
ble to general systemic infection in the 
birds of the two groups showed a close 
correlation with the clinical severity and 


duration of the infection. With some vari 


(arrow) in longitudinal section of duck 


x 300. 
Fig. 14—Ovoid megaloschizont of L. simondi (arrow) in cross section of duck cardiac muscle 
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that died 
yroup 


all those 
infeetion 


ation among individuals 
from fulminating 
1) showed well-marked liver damage and 
enlargement of the from 
tion and macrophage proliferation 
dition 
lymphocytic infiltration in the liver 


acute 
spleen conges 
In ad 
there were periportal and diffuse 
and 
moderate to marked hyalinization of the 
The prin 
and spleen 
blood 
This 


(‘ook 


adenoid sheaths in the spleen 
cipal alterations in the liver 
can be attributed to massive red 
cell destruction and resultant anemia 
point is of particular interest since 
cell to be the 


and 


shown the red blood 
host cell of the 
Iallis 
globin and erythrocyte determinations in 
infected Anoxia 
pears to be the underlying cause of the 
liver Hlowever, the 


has 
mature gametocyte, 
has recorded extremely low hemo 


birds from anemia ap 


damage enlargement 
of the spleen from congestion and macro 
proliferation is a reaction to the 
amount of erythrocyte destruction 
to the infection. Thus, fatal ter 
mination in Leucocytozoon infection mays 
be attributed to 
pathological 
sulting therefrom, and to 
due to the 
numbers of gametocytes in the 
of the lungs 

The lymphocytic infiltration seen in ses 
eral ducks is not considered pathognomonic 


phage 
large 
incident 
severe anemia, to the 
alterations in the liver re 
respiratory em 
of large 


barrassment presence 


capillaries 


of leucocytozoonosis, but rather a general 
reaction of the lymphoid tissue to the dis 
ease process. In this connection, it should 
be mentioned that because of the peculiar 
staining affinity that lymphoeytes aequire 
when they infiltrate the and 
undergo degeneration, they diffi 
cult to distinguish from very schi 
zogenous stages of the parasite 

In retrospect, it that 
the pathological changes observed in the 
two groups of birds showed characteristic 


liver eords 
may be 


early 


seems significant 


variations according to the severity and 
duration of the infection. This knowledge 
should aid both the worker and 
the diagnostician in evaluating Leucocyto 
Further, it em 
phasizes the than a 
simple demonstration of gametocytes in de 


research 


zoon infections generally 
necessity for more 
termining mortality from this disease, since 
the birds could conceivably die from other 
causes, yet concomitantly harbor a light, 
inapparent Leucoeytozoon infection 


Hepatic schizonts were demonstrated in 


NEWBERNI 


3 ducks only 


after a thorough search of 
the material. The parasite develops within 
hepatie parenchymal cells. There is no ap 
parent significant morphological difference 
schizonts of L. sumondi 
turkeys, de 
paper The mini 


mal morphological alteration of the invaded 


between hepatic 
those of L 


scribed in a 


and smitha of 


previous 


hepatic cells is in contrast to the effect ot 
host cell Huff, 


the relationship 


the megaloschizont on its 
in attempting to mediate 
between hepatic schizonts and megaloschi 
zonts of L. simondi, tentatively 
three hypotheses ] Th 
schizonts different 
same life cycle; (2) they 
tially 
with those 
ited in size by the 


3) they may 


presented 
two kinds of 
may be stages in the 
may be essen 
except for location 
cells being lim 
host cell; or 
stages in the life 


para 


staves 


similar 
entering liver 
type of 
represent 
different 
Consideration of 


species of 
these 
interesting 


cycles of two 


site hypotheses 


becomes even more in view of 
hepatic 
which 
gametocytes were 
both 
been observed in 


both 


gametocytes 


the recent demonstration of a 
in L. smitha 
only elongated forms of 


stage infection in 


observed Previously, hepatie ane 


megaloschizonts have 


L. simondi infection, and elongated 
round forms of 
The present study 


in resolving the 


and occul 


however, does not aid 
problem of which hy 
eorreect 


development 


pothesis may be more nearly 


In general, stages in the 
of megaloschizonts of L 


in the spleen, in this study, 


simondi observed 
were simila 
Huff.” However, the 
megaloschizonts observed in the heart ap 
peared to cells in the 
intermuscular sup 
port or disprove Huff’s tentative sugges 
tion that may actually 
develop. in well. Their 
elongate shape is probably attributable to 
the natural exerted by the 
muscle tissue which surrounds the megalo 


to those deseribed by 
develop only in 
areas, which does not 
megaloschizonts 
cardiac cells as 
compression 


schizonts as they develop 


Variations in development of megalo 
schizonts in the brain, as compared with 
those in the spleen and other organs, can 
explained at present. A_ logical 
reason for the consistent large 


island structures and the early presence of 


not be 
absence of 


round cytomeres in those in the brain was 
considered the 
site for the 
is diffi 


not determined. Cowan 


brain to be an unfavorable 


marasite’s development. This view 
| | 
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Lu UCOCYTOZOON SIMONDI 


with observations made 
Megaloschizonts measuring 
which 


seen in 


cult to reconcile 
in this study 
117.7 w in 


some the 


exceeds 
the 
numerous de 


diameter, a size 
mature 
found, 


megaloschizonts 


forms 


spleen, were and 
pleted 


Scars 


microscopic 
indi 
and 


and 
resulting therefrom were 
cating that had matured 
ruptured 

The general 
that there 
megaloschizonts 
found in 
by Huff 


investigators 


seen, 
these stages 
be made 
organ which 
most likely to be 
bird. 
explain the diffieulty 
have 
finding megaloschizonts when only certain 
examined 


observation may 


Was no one 
were 
given 


suggested 


any 
this may 
some experienced in 


organs vere 


SUMMARY 


1) Studies were made of the histopatho 


logical changes in two groups of ducks 
infected with Leucocytozoon simondi 

2) Significant found in 
fatal were 


marked enlargement of the spleen 


ducks 


liver 


lesions 


with severe, infeetion 
necrosis ; 
from congestion and macrophage prolifer 
ation; periportal and diffuse lymphocytic 
infiltrations in the liver; moderate hemo 
both the liver and spleen; 


hvalinization of the splenic adenoid 


siderosis in 
and 
sheaths 

3 Ducks 


show ed 


with only moderately acute 


infection histopathological altera 
tions similar to, but less severe 
fatal 

infections 


than, those 


in ducks with infections. Those 
with light, nonfatal 
evidence of a general systemic reaction 

} Local host 
to occur only in relation to 
zonts in the brain and lung tissue, but not 


other organs, nor in relation to 


SeeT) 
showed no 
reaction seen 


tissue was 


megalosehi 


to those 1 
hepatic schizonts or gametocytes 


Megaloschizonts, 
tion, were enveloped by a capsular wall of 


rega rdless of loca 


reticular fibers which, in all organs except 
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the brain, developed from condensation of 


pre-existing reticular fibers on the surface 


of the expanding megaloschizont 

6) Megaloschizonts and hepatic schizonts 
observed are briefly described, and the es 
morphological differences between 
different or 


sential 
megaloschizonts occurring in 
vans are reported 
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Infectious Synovitis Control. Il. A Comparison of 
Levels of Antibiotics 


N. O. OLSON, D.V.M.; D. C. SHELTON, Ph.D.; J. K. BLETNER, M.S.; 
C. E. WEAKLEY, Jr., M.S. 


Vorgantown, West Virginia 


SYNOVITIS has been deseribed 
* and turkeys.’ In a previous 


oxytetracycline, 


INFECTIOUS 
in chickens ' 
paper, chlortetracycline, 
and erythromycin were used in the feed at 
the rate of 200 Gm. per ton of feed to con 
trol the disease.” Complete control was ob 
tained when either chlortetracyeline or 
oxytetracycline were given continuously 
after the birds were 1 day old. Erythro 
mycin was not effective. These birds were 
inoculated in the foot pad at 24 days of age 
and were then observed for three to seven 
weeks. Wills and Delaplane* found chlor 
tetracycline more effective than oxytetra- 
eyeline for the treatment of synovitis. 
Dosages of 200 to 500 Gm. per ton were 
used for periods of five to 15 days. With- 
drawal of medication resulted in recur 
rence of the infection in some birds 

To determine the efficacy of various lev 
els of antibiotics in the feed for the control 
of infectious synovitis, chlortetracycline,*® 
oxytetracycline,’ streptomycin,? and peni- 
cillin® were incorporated in a commercial 
broiler ration so as to give 50 to 400 Gm 
of the active drug per ton of feed 


MATERIALS AND METHODS 


ton of feed, the level 
and the equal 


Starting with 50 Gm. per 
of chlortetracydine, oxytetracyeline, 


mixture of these two was increased by 25 Gm 


increments up to 200 Gm. per ton, with a maxi 


mum of 250 Gm, per ton ineluded. Streptomycin, 


penicillin, and equal parts of the two were fed at 
director of the 
Station «as 
Animal Hus 
West Virginia 
funds 


Published with the 
Weet Virginia Agricultural 
paper 533 from the 


Agricultural 


approval of the 
Experiment scien 
Department of 
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Supported in 


bandry and 
Morgantown part b 


(obs) 


University 
from regional NE-S 


Mr. Bletner's present adress is Department of oultry 


Science, Ohio State University, Columbus 


aureomycingd>? T.F..15, each pound of 
15 Gm, of chlortetracycline, b 
River N. ¥ 


terramycing 


Supplied as 
which contained Lederle 
Laboratories, Pearl 
TM-10, « 1 pound of 


Chas 


Supplied as 
contained 10 Gm, of oxytetracycline by 
Haute, Ind 


premix ‘ h 


whieh 
Prizer and Co., Terre 
pound of 


Merck and 


Supplied as 
which contained 
Co., Rahway, N.d 


streptomycin 
0 Gm. of streptomycin, b 

each gram of whict on 
penicillin, t Merck and Co 


§ Supplied as pro pen 50 


tained 50 per cent procaine 


Streptomycin was also 
These feeds 
from 48 hours before in 


100 and 200 Gm. per 


fed at 400 Gm. per tor medicated 
were given continuousls 


oculation to the end of the 18-day experimental 
batteries In an air 


chicks 


selected 


birds were in 
When 4 weeks old, 12 


randomly 


period. The 
conditioned room 
nearest the weight were 
for each battery. The 


attempt 


mean 
chicks were unsexed and no 


made to inelude equal numbers of 
cockerels n eneh battery 
chicks in 


with 


was 
pullets and 
At 5 
inoculated in the 
eulture of the 
from the third passage. The 
pooled diluted 25 per cent with 
broth to facilitate Part of the 
yolk (0.25 ml.) was foot pad of 
the remainder 
On the day of 
thawed and 


weeks of age, 10 each battery 
9.25 ml. of 


agent 


were Toot pad 
a yolk 
harvested 


yolks 
nutrient 


infectious synovitis 
embryo 
were and 
handling 
injected into the 
5 chickens to test its pathogenicity ; 
20 C. until needed 
volk 


water 


was held at 

material was 
bath 
As controls, 


inoculation, the 


held in an ice until inoeulations were 


completed chicks in each battery 


were not inoculated and one pen of inoculated 
antibioties 
Following inoculations, the birds 
daily. Every three or four days they were weighed 
ancl the 


or other 


birds was given no 


were observed 
development of swellings in the foot pad 


joints was recorded Necropsies were 
18 days following 
and their infection 
The inoculated foot pad of 1 bird from 
ind either fluid or serap 
igar and in thio 
check for eonts ‘ination. 
When an exudate was present in the foot 
broth suspension of 
into the yolk sae of 


ttempt to re 


performed on all birds 17 or 


inoculation degree of was 
classified. 
each battery was opened 
ings 


giyeollate 


were placed on nutrient 
medium to 
pad or 
other 0.25 ml. of a 


this exudate 


joints, 
was inoculated 


chicken 


infectious 


embryonating eggs in ! 


cover the agent 


RESULTS 

during a 17-day ob 
table 1 Since 
the sexes were not equally distributed in 
these the birds in 
volved was small, the weight gains should 


The weight 
servation period are given 


ails 


pens and number of 
be used only as an indicator of response to 
the drugs. The number of birds showing 
lesions (table 2) and the degree of infee 
tion (table 3 also be considered in 
evaluating the the drugs in- 
The table 1) and 


must 
efficacy of 
weight 


volved 
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TABLE 1—Weight Gain or Loss for a 17-Day Period Following Inoculation * with 


INFECTIOUS SYNOVITIS CONTROL 


Infectious 


Synovitis Agent 


chlortetra 


Drug 


level Chiortetra Oxytetra 


(im./ton eycline eycline 


190 
18 


Contact controls 


* Ten inoculated and 2 contact control birds 
infection (table 3) indicated 
therapeutic activity of chlortetracycline, 
oxytetracycline, and equal parts of the 
drugs against the infectious synovitis agent 
at the 50-Gm. per ton of feed level. The 
relatively poor growth response of the 
birds on the 50-Gm. level of equal parts of 
chlortetracyecline and oxytetracycline and 
the 250-Gm. level of chlortetracycline was 
probably due to the sex distribution. There 
Was an increase in weight gain as the level 
of the tetracycline antibiotics was in 
creased. Generally, there were no marked 
differences between the weight gains of the 
birds on chlortetracycline, oxytetracycline, 
or a combination of the two. All birds on 
streptomycin, penicillin, and equal parts 
of these drugs gained less than the un 
treated inoculated birds. No signs or le- 
sions of infectious synovitis developed in 
the contact controls 

The number of birds which developed 
visible lesions is shown (table 2). In the 
chlortetracycline group, the number of 
birds showing swelling in the foot pads 
gradually decreased as the drug level in- 
creased from 75 to 200 Gm.; at the latter 
level, no birds had swellings. At the 250 
Gm. level, however, 1 bird had a slight 
swelling on the seventeenth day after inoe- 
ulation. The general improvement 
occurred with the combination of chlortet- 
racycline and oxytetracycline, except the 
reduction of lesions did not begin until a 
level of 125 Gm. per ton was fed. Oxytet 
racycline was less effective than chlortetra 
cycline in controlling the development of 
swellings; even at the 250-Gm. level, 8 of 
10 birds developed swellings. There was a 
gradual the number of birds 
showing swellings four to 17 days follow 


degree of 


same 


increase In 


eyeline 
oxytetra 


eyeline 


per pen. We 


strepto 
mycin 


Penicillin penicillin 


ights expressed in grams 

ing inoculation when the higher levels of 
tetracycline antibiotics were given. The 
degree of infection in these birds was 
slight. These indicated that the 
antibiotics prolonged the incubation period 
and that the agent was not killed. Strep 


results 


tomycin, penicillin, and a combination of 


TABLE 2—Number of Birds Having Swellings in 
the Foot Pad* Inoculated with Infectious Syno- 
vitis Agent 

Days after inoculation 
Drug level 
ton) 7 14 


(im 


Chiortetracycline 


0 


0 


Oxytetracycline 


ontact controls 


oculated and 


201 
Strepto 
mycin 
67 
10¢ if i int 
12 7 
150 6 t 
14 v2 
i70 64 64 141 
250 136 
400 
None 195 
12 l ) 4 6 5 
1h 4 4 4 
2 
‘ ‘ 0 
; 10 10 10 10 
17 ~ ; 
Equal parts chlortetracy ‘ oxytetra ne 
if i 
; ; lv) it 
4 4 
tr ptr 
of 
10 l 
Per 
Equal | t t t nar per 
; if 
if 
or t ntre ‘ 


(OLSON SHELTON 


these two drugs had no effect on the course 
of the disease 

The birds which did not die 
or 


killed 


18 days following inoculation and, 


vere 
17 
on necropsy, the degree of joint 

table 3 
chlortetracyeline, oxy 
; of 


involve 
ment was classified 

As the level of 
tetracycline, and equal these 
the 


lesions 


parts 
became 
that 
Classifica 
level of 
and the 
At this level and above, the 
lesions were generally localized 
the of 
even though 
effective 


increased, lesions 
No 


severe 


drugs was 
occurred 
than the 
the 125-Gm 
chlortetracyeline, oxytetracyelineg 


VE 


less 
Were more 


tion at, or above, 
two combined 
This may 
differences 
the 


account for lack in 


weight chlortetra 


Allis, 


eyeline was more preventing 


TABLE 3—Classification of Lesions at Necropsy 
of Chickens Inoculated with Infectious Synovitis 
Agent 


Drug leve 


(7m./ton 


(hiortetracyctine 


Streptom 


ind penicillir 


one contact controls 


Classification light 

of 
pad 
vith 


thickening of pad or tendon 


thickening ndon sheaths 3 


of 


sheath pas or & 
fluid 


extension of 


marked thickening isually and ane 

date i 

oints and 
Three birds 


ted 


ous exu 


same as nfection to other 


nfection 
further stud 


generalized 
held for marked! 


nfe 
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LLETNER 
than were 
of the 
no marked differences be 


of 
and 


the 
oxytetracycline 
There wer 


development swelling 


equal parts 
two 
tween those birds receiving no medication 
and those receiving the streptomycin, pen 
icillin, of 
and penicillin 


Recoveries 


and equal parts streptomycin 


the agent in egg 
synovial fluid 
from infected birds were attempted from 
16 birds and in 10. The 
agent birds given 
the ex 
pressed in grams per ton chlor 
tetracycline, 100 and 125; 
100, 125, and 150: 
penicillin, 100 and 200; 


streptomycin 


embryos inoculated with 
successful 
the 
antibioties 
of feed 
oxytetracyeline, 


were 
trom 
ot 


WAS recoyve red 


following levels 


T), streptomycin, 200; 
and equal parts of 
100. The 
recovered from birds given 
of feed chlor 
oxytetracycline, 50; equal 
parts of chlortetracyeline and oxytetracy 
50 100; and 
equal parts of streptomycin and penieillin, 
200. When a suspension of synovial fluid 
was placed on thio 
glycollate medium, no growth occurred 


and pemieillin 


agent Was not 
the 


tetracycline, 


following (7m. /ton 


DO: 
and 75 


celine, streptomycin 


nutrient agat or in 


The of these tests indicate that 
the optimum level of chlortetracyeline in 
the feed for the of synovitis 
about 200 Gm. per oxytetracy 
éline, the level somewhat higher 
Localization occurred with 
levels of 125 Gm above 
for chlortetracycline 
equal parts of these drugs. Generally, the 
chlortetracyeline of 
chlortetracycline and oxytetracyeline were 
in pre 
venting the development of lesions, but 
weight 


results 
control is 
ton 

he 
150 

oxytetracycline, and 


would 
the 


to and 


and a combination 
more effective than oxytetraeycline 
ho 
marked differences occurred in 
vains 

The period of this experiment was only 
18 days. Since there was a tendency for 
some birds to develop slight swellings as 
long as 17 days after inoculation, a longer 
have resulted in 
The age 
into con 


experimental period may 
more birds developing swellings 
of the bird should also be taken 
sideration since Shelton ef al 
of chlortetraeyeline in 


The 


reported a 

be 
true in that higher levels of the antibioties 
may be required to control infeetious syn- 


Differ 


greater efficacy 


week-old_ birds reverse may also 


> weeks of age 


ovitis in birds over 


| 
( 
J 
1 
0 i ) 
jual pa rtetra ne and oxytetra r 
4 
( 0 
a 100 4 ( 
er 
101 
Equal parts streptomycin 
ne l 
64 0 


INFECTIOUS SYNOVITIS CONTROI 


ent results might have been obtained 
other strains of the agent 


with 
Also, the patho 
genicity of cultures may vary 

The presence of swellings in birds (table 
2) was not always confirmed by 
table 3 


vations was minor and occurred only mn 


necropsy 
The differences in these obser 
those birds with slight swellings 

These probably 
greater birds would 
under 
for the 
indicating that 


birds were 
exposure than 
field 


favorable 


given a 
receive 
conditions. This may account 
reports from the field 
levels of 100 Gm. of chlor 
tetracycline per ton continuously 
from day-old 


used 


controlled infeetious syno 
Vitis 


SUMMARY 


Under the conditions of this experiment, 


there were no marked differences in weight 
gains in birds on equivalent levels of chlor 
tetracycline, 


oxytetracyeline, and equal 


Chlortetracycline 


parts of the 
effective in controlling the develop 
ment of swellings than were either oxytet 
racyeline 


two was 


more 


or a combination of oxytetracy 


cline and echlortetraeyeline. Streptomycin 


and penicillin given in the feed were not 
effective in controlling infectious synovitis 
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Further Studies with the Aqueous Humor of Chickens as a 
Reservoir for the Virus of Newcastle Disease 


D. S. CLARK, D.V.M.; E. E. JONES, D.V.M.; F. K. ROSS 


San Gabriel, California 


In 1954, MeClurkin ef al.’ reported on a 
rapid test for early detection of Newcastle 
disease. Their test made use of hemagglu 
tination (HA) reaction, using fluid ex- 
tracted from lung tissues which had been 
frozen. Clark et al.,2 in 1955, observed that 
aqueous humor compared well with lung 
tissue as a source of the virus. These re 
ports indicated that the test was of value 
chiefly for the detection of the disease in 
its incipient before blood 
would produce positive hemagglutination 
inhibition (#1) reaction. The latter au- 
thors observed that low titer reactions 
needed further investigation and recom 
mended that they be used guardedly in 
making a diagnosis 

The test using aqueous humor has been 
used in the San Gabriel laboratory for ap 
proximately two years. It has been em 
ployed on more than 3,000 birds, repre- 


stages, serum 


senting 1,300 groups of chickens, which 


were submitted for diagnosis. Parallel m1 
tests were performed with more than 90 
per cent of these birds 

Early experience with the test revealed 
that a high percentage of positive reac- 
tions were occurring. Most of the positive 
HA reactions could not be substantiated by 
HI tests, and there were rarely nervous 
signs or lesions Neweastle 
disease. Furthermore, usually vaccination 
against this disease appeared to be ade 
quate, 

During the past year, a special study of 
the HA test has been made in an effort to 
determine the significance of such frequent 
occurrences Of positive 
part of this study, the test has been used, 
more or less routinely, not only when New 


suggestive of 


reactions. As a 


castle disease was suspected but also when 
other conditions, such as bluecomb disease, 
coccidiosis, lymphomatosis, and reproduc 
tive disorders, were primarily involved 
Groups of chickens from 995 flocks, sub 
mitted to the laboratory for diagnosis from 


Livestock and Poultr Patholog Labora 


State Department of Agriculture San 


From the 
tory, California 


Gabriel 


1956, inclusive, 
This excluded those in 
which an HA reaction might be attributed 
to recent live virus vaccination. An aver 
age of 2.3 birds per group were individu 
ally tested by the Ha and HI methods. A 
group was designated as HA-positive when 
aqueous humor of one third or more of the 
individuals in the group tested produced 
an HA reaction in a dilution of 1:40 or 
higher. Groups positive to the HI test were 
so recorded if the least 
third of the birds in a group gave a posi- 
tive reaction in a dilution of 1:20 or 
higher. Of the 995 groups thus classified, 
70 per cent proved to be HA-positive and 
only 31 per cent were HI-positive 

To facilitate further investigation, the 
groups were segregated into two age cate 
Those involving birds 5 months 
old or more were designated as adults and 
than 5 months old as growing 


June, 1955, to May wert 


used in this study 


serum of at one 


gories 
those less 
birds 
The adults consisted of 299 groups. Of 
these, 83 per cent were classified as HA 
positive. Included were 135 groups of nor 
mal-appearing adult pullets submitted for 
laboratory diagnosis with a history of a 
reproductive problem. Common complaints 
were a delay in beginning production, the 
cessation of production after starting, a 
continuous low flock production, or no pro 
duction at all. Of these groups with a re 
productive disorder, 90 per cent proved to 
be HA-positive. In 143 groups not involv 
ing reproductive disorders or frank New 
castle disease, 68 per cent were found to be 
HA-positive. The remaining 21 groups of 
adults were diagnosed as frank Neweastle 
disease 
There 


months 


were 696 less than 5 
old, 64 per which were 
Classified as HA-positive. A chronic respira 
infection involving primarily the air 
the principal problem in 382 
groups in this age category, 67 per cent of 
which In 153 groups in 
which a chronic 
respiratory Neweastle 


yroups 


cent ot 


tory 
were HA-positive 
there was no evidence of 


infection or frank 


j 
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disease, 53 per cent proved to be HA pos 

tive. The remaining 161 groups of grow 

ing birds were diagnosed as frank New 

castle disease 
It was of 


groups of 


that of 
nonvaccinated birds, 2 weeks 


considerable interest 


in Relation to 
in Birds 5 


TABLE i—Vaccination History 
Hemagglutination (HA) Reactions 
Months or More of Age 


Yo. of HA-posi HA-posi 


Vaccine used groups tive (No 


None 
Killed virus only 
B, type 
Ving-web type 
rotals 
old or less, 45 cent were 
In one instance, apparently normal chicks, 
2 days old, produced an HA reaction, and a 
lethal Newcastle disease virus was ‘solated 
from the aqueous humor 

A study of the Newcastle disease vacci 
nation status of adult flocks showed no sig 
nificant difference in HA reactions among 
nonvaceinated flocks and those using vari 
ous types of vaccines. The results of this 
study are shown (table 1 With the 
growing birds, accurate correlations were 
impossible because of the variation in ages 
and stages in the vaccination program 

The high incidence of positive HA reac- 
tions suggested the need for a more criti 
cal study to determine their specificity for 
the virus of Newcastle disease. A project 
was developed to study the virus contained 


per HA-positive 


in aqueous humor of such birds 


MATERIAL AND METIHODs 


Fluid from the 
was found to be a better 
the fluid 
rial is obtained by using an ordinary glass syringe 
and a 19- to With the bevel of 
down, the inserted into the 
portion of the eye, 
With 
syringe. Ma 


anterior chamber of the eyes 


source of the virus than 


from the posterior chamber. The mate 


20-gauge needle 
the needle point is 
lateral aspect of the anterior 


thus entering the anterior chamber au steady 


suction, the fluid is drawn into the 
both eyes is pooled and instilled into 
which is corked and identified 


number. As a rule, 


terial from 


i small glass tube, 


by case number and bird two 


or three specimens were obtained from each ac 


cession From the same birds, blood was obtained 


by eardiae puncture, identified in a similar man 


ner, and slanted to separate serum for HI tests 


Specimens of humor were frozen at 


aqueous 


until several were accumulated for WHA 


tests Those reactions in dilutions 


of 1 


producing HA 


20 or higher were frozen until embryos of a 


RESERVOIR FOR NEWCASTLI 


DISEASE VIRUS P05 


Only 
which all individ 
Special ef 


were available for inoculation 


proper age 
iqueous humor from groups in 
uals gave negative HI tests was used 
fort was made to select material only from groups 
sugges 
disease and in which the 


in which history were not 
tive for frank Neweastle 


attributed to 


symptoms and 


reaction could not be recent vacci 


nation with a live virus 


Embryo Inoculation Prior to inoeulation, th 


eye fluid was treated with a combination of anti 


bioties 10,000 unit of penicillin and 


streptomycin per milliliter, A 
of antibiotic equal to that of the 


containing 
100 mg. of volume 
of this mixture 
mucous humor was added and maintained at room 
temperature for 15 minutes before inoculation of 
embryo 


White 
were inoculated with 0.2 ml. of the antibiotie and 


Kleven-day Leghorn chicken embryos 


humor combination via the allantoi 
The eggs morning 
Allantoie fluid from dead embryos was har 
titered for 
dead 


aqueous 


route candled and eve 
ning 


vested 


were 


frozen 


hemagglutination, and 
after 
Passages 
that the New 
virus, the hemagglutination 
anti-Neweastle 


days were dis 


attempted 


Embryos not 
earded No 


To confirm 


seven 
were 
virus isolated was 


castle disease extract 


test, using specifie disease serum 


was performed with each virus isolated 

Chick Inoculations 
old, 
of a 10° 
from dead embryos 


Nonimmune chicks, 4 weeks 
with 0.2 mil 
fluid 


chicks were inoculated 


were inoculated intramuscularly 


dilution of HA positive allantoie 
Three 
representing a Inocu 
and the 


signs displayed were 


with each field case 
lated 


time of 


Virus 


birds were observed twice daily 


onset and physical 


reeorded 


RESULTS AND DISCUSSION 


isolations were attempted with 
humor from 127 individual 
birds, each representing a different group 
Adults were represented in 54 instances 
(table 2). There 
isolations made 
birds from 
growing 
nonvace! 


Virus 
aqueous 


and growing birds in 73 
were 111 first-passage 
represented individual 
46 groups of adults 
birds, six of which 
nated chicks less than 2 weeks old 

It will be noted that 95 per cent of the 
aqueous humor samples having a titer of 


These 
and 65 of 


were from 


Single-Passage, Chicken 
Using Aqueous 
(HA) 


2—Results of 

Virus Isolation Trials, 

with Various Hemagglutination 
Titers 


TABLE 
Embryo 
Humor 


HA titer of Inolations Isolations leolation 


aqueous humor atten pted No 
1-80 or above 4! 

1:40 

1:20 


tive 
‘ 


206 (LARK 


1:30 or higher and 85 per cent of those 
with a titer of 1:40 yielded Neweastle dis- 
virus. It is significant that the virus 
was recovered from 81 per cent of the sam 
ples with a titer of 1:20 


Using the extract hemagglutination test, 


Case 


specific anti Newcastle disease serum was 
found to inhibit hemagglutination with all 
viruses isolated 


Viruses producing embryo deaths in 


first-passage trials showed a similar death 


pattern. All mortality occurred within 72 
hours, with most deaths occurring during 
the first 48 hours 

A similar pattern was also seen in the 
trials. All 
lethal 


inoculation viruses iso 
proved 
chicks. In each instance, 
typical of Newcastle 


three to five days following intramuscular 


chick 


lated to be to susceptible 


nervous signs, 
disease, occurred 
inoculation 


Karly embryo mortality and the high 
virulence to that a 
rather lethal field strain of Neweastle dis 


ease virus was usually involved 


test chicks suggest 


Late in the experiment, spot trials re 
vealed that allantoic fluid from many inoe 
ulated embryos not dying on first passage 
produced hemagglutination, This indicated 
that if further embryo passages had been 
attempted, it might have been possible to 
make including of 
the less lethal strains of Neweastle disease 


more isolations, some 
virus 

These results help to confirm the speci 
ficity of positive HA reactions for the virus 
The frequent occur 
virus in 
its relation to 


of Neweastle disease 


rence of Neweastle disease aque 


humor of chickens and 


Joy 
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other diseases, particularly those of repro 
in adults and respiratory 
growilg warrants fur 


chronie 


birds, 


duction 
infections in 


ther investigation 


SUMMARY 

Further studies with the hemagglutina 
tion (HA) test for Newcastle disease, using 
aqueous humor of chickens, are reported 
The test, used on 995 routine diagnostic 
accessions of poultry, produced positive 
HA reactions in 83 per cent of adult groups 
of birds and in 64 per cent of the groups 
involving growing birds. The majority of 
HA-positive reactions could not be substan 
tiated by hemagglutination-inhibition (#1) 
characteristic 
usually 


tests, and nervous 
of frank Neweastle 
absent 


Signs 
disease were 
Disease conditions most often associated 
with positive reactions were reproductive 
disorders in adults and chronic respiratory 
Many positive 
with other disease 


infections in growing birds 
reactions also occurred 
conditions 

Virus 
humor from 127 HA-positive birds, resulted 
in isolation of a lethal strain of Neweastle 
virus in 111] 87%). It 
was concluded that the aqueous humor is a 
reservoir for the virus of Newcastle disease 


isolation studies, using aqueous 


disease instances 


in a large percentage of chickens in south 
ern California 
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The Occurrence of Certain Enterobacteriaceae in Birds 


H. ELLIOTT McCLURE, Ph.D.; Col. WARREN C. EVELAND, M.S.C., U.S. Army; 
ALICE KASE, B.Sc. 


Nan Francisco, California 


WHILE the distribution of Entero 
bacteriaceae in domestic fowl and in caged 
birds is well known, to the knowledge of 
these writers no extensive survey of enteric 
bacteria in wild birds has been carried out. 
The question of the relationship of man, 
animals, and birds to vegetables and soil 
and to the microbial contamination of food 
the subject of many inquiries 
This problem is being investigated in this 
laboratory in an effort to measure the ex 


most 


has been 


tent of fecal contamination of vegetables 
grown in the Far East. This report deals 
with the examination of the possible role 
of several wild birds in the 
distribution of enterie bacteria which are 
pathogenic to man. Many species of en 
teric bacteria found in 
and excreted by 
birds 


species of 


man are harbored 
other mammals and by 


MATERIALS AND MeTHops 


collected 


these came from 


Sixty-one fecal specimens were from 


The bulk of 
ardeids in colonies situated as follows At Tokyo, 


13 species of birds 
one was in trees and bamboo within and surround 
habitat 


eultivation, 


ing five farmyards in an upland above 
and 
shore of Tokyo 


surrounded by rice 


vallevs devoted to rice 
duek re fuge on the 
bamboo thickets 


Nagoya, one was in low 


narrow 
one was at a 
Bay in dense 
paddies At 
in an upland habitat 


pine trees 
lake, and 


gully in 


adjoining a small 


one was in a pine- and cedar-forested 
low mountains from cultivation. 

The Nagova site by the 
i large colony of cormorants 


this 


iway 
lake was also used by 
All cormorant speci 
Feeal 
collected as it 


mens came from colon material of 
the ardeids 
Vi voided ile the 
dled for b | ind other 

Thirteer 
Japanese blue magpies in an 
vest of Tol These 
it farn ls or in 


ests I 


cormorants was 

nestlings were being han 

studies 

taken from nestling 
d habitat north 

shack 

leciduous for 


reaked shes 


samples were 
nest trees 


second 


vater aad 

inhabited 

Honshu 
hich h 


periods 


samples 
outdoor 


more 


Fron 


in Fran 


this 
the diets of the 
plumed 
fish, 
paddies 


It is not within the 


Scope of 


briefly 


paper to 
discuss diets in detail, but 
black crowned 
and 


night heron, great egret, 


egret, snowy egret are predominately 


frogs, and crustaceans found about rice 
and in the tide flats 
taken 
diet of the 
water fish caught in Tokyo Bay 
streaked 
lected 
gene ral 

In the 


dove, 


The proportion of each food 


varies considerably for each species. The 


cormorant consists mainly of salt 


The diet of the 
salt-water fish e¢ol 


shearwater includes 


many miles at sea. The blue 


feeder, 


magpie is a 
preferring insects and fruit 
diet of the 
turtledove, and meadow 
grain The 
fed mice, meat, and fruit 

The feeal 


glycerol 


aviary, the bobwhite, emerald 


zebra dove, bunting 


is mainly Formosan pie Is 


buffered 


laboratory 


specimens were put into 
sniline and 


they 


brought to the 


where were plated on eosin-methylene-blus 


After an 


colonies were 


medium and Salmonella-Shigella agar 


18- to 24-hour ineubation period, the 
tested by 


standard methods and the re 


tabulated 


enteric 
(table 1 


sults were 


ResuLTs 
fecal 


specimens 


Unlike material from mammals 
few bird Escherichia 
This is also true of domestic fowl in 
Aerobacter, Klebsiella 


diate coliforms take the place of 


harbored 
col 

which and interme 
Escheri 
The group of paracolobactra showed 
The feces of 1 
plumed egret and of 1 cormorant harbored 


chia.’ 
some remarkable features 
acroqenoides 
had 
Other groups found were 


blue 


egret and 1 


Paracolobactrum group 


while 2 snowy egrets group 4 
group 11 
plumed 


loin 


Paracolobactrum acerogenades 


ISTNS 


‘ 
in a magpie, group 12 in J 


great egret, and 


yroup 


great e 


gre 


groups and & are frequently found in 
domestic 
the 


man, soil, vegetables, and mam 


mals Serological study of Paracolo 


hactrum coliforme strains grows 


The 


und Fal ntiger tud fa Gr of 
n Bact nfeect ) ; 
ror ‘Pp / ne t 1 ef 
und Ka } (Pp ( forme 
the 40¢ M al al at ( i nt ra t M 


McCLure 


20% 


(3,4,5)6,(9)* organisms in 1 black-crowned 
night heron, 1 snowy egret, and 1 cor- 
morant. This group of paracolobactra in 
cludes some pathogenic strains. Paracolo- 
bactrum coliforme group 12 isolated 
from 2 great egrets and 1 black-crowned 
night heron. These serotypes have been 
found in dogs and man. Evidently para 
colobactra, frequently present in man, veg 


was 


etables, and soils in Japan,’ are also pres 
ent in birds 

Many Providencia and transitional para 
colon organisms were also Four 
of the 61 birds showed Providencia and 20 
related transitional Providencia 
and transitional forms are not rare in ¢ats, 
dogs, and market meat in Japan. Provi 
dencia was found, however, in only 25 and 
transitionals in 15 out of 1,963 fecal speci 
mens from human beings examined in the 


isolated 


strains 


t These numbers refer to serological group Those in 


which or may not 


of 


time 


designate may 
given 


antigens has been 


antigens 
This 
for some 


parentheses 


oceur in a group way marking unatable 


used in Salmonellace 


TABLE 1—Occurrence of 


Feeding 


In rice Black-crowned night heron 


paddies Nycticoras nycticorax 
(;reat egret 

Egretta alba 
Plumed egret 

Egretta intermedia 
Little egret 

Raretta garzetta 


Group tot 


Forest Single nests lue ma 


farm ré in foresta Cyanopica cyanus 


Streaked shearwater 


Pufinus leu 


laolated 


island 


In ocear 
comelas 
formorant 
Phalacroacore 


In colonies 


Bobwhite quail 
Colinusa virginianus 
Kmerald dove 
Chalcophaps indica 
Formosan blue magpie 
Kutta 


Meadow bunting 


caerulea 

Emberiza civides 
Zebra dove 

(ieopelia striata 
lurtledove 

Streptopelia orientalin 


Group tota 


Total 
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K ASE 
Far East in 1955. The transitional group 
of paracolobactra consists of bacteria which 
have reactions similar to Provi- 
dencia but differs from them in being un 
able to utilize citrate as the sole source of 
These organisms are distinguish 
from Proteus by their inability to 
form urease. It is possible that some mem- 
bers of this provisional group will be re 
classified as Providencia Erwinia. At 
present, according to the outlines of Ber 
and Kauffmann, 


those of 


carbon 
able 


or 
‘ these organisms can 
be put of the well-defined 
renera of Enterobacteriaceae They did 
not deviate significantly from other groups 
of No 


isolated 


gey 


not into any 


paracolobactra Salmonellae were 


DISCUSSION 
A study of collected from 


seven species of wild birds and six species 


droppings 


of caged birds seems to indicate that the 
Knterobacteriaceae harbored by them may 


Enterobacteriaceae in Birds 
eae present 


Proteu 


Group 
and No 


examined 


mirabilis 


> = = 
— | ! 
8s 
: 
1 ‘ 1 ‘ 0 l 


EN TEROBACTERIACEAI 


trom mammals. Caged birds and 
free but human habita 
acquire both human and ani 


originate 
birds living near 
tions seem 
mal bacteria 

The 
transitional 
wild 


cause of the frequent occurrence of 
paracolon organisms in these 
Their patho 
Providencia 
considered 
group 3,4 
from 
Since 


evident 
unknown 
which 


coliforme 


birds is not 

venic power is 
many of are 

and 


which have 
human feces are significant findings 


strains 
pathogen 
organisms been isolated 
none of the species of birds tested, except 
blue magpie, 
fruits 
man, the 


usually come in contact with 


and vegetables consumed raw by 
bacteria in 
the birds probably does not constitute a 
menace to human health. However, black 
crowned night heron, blue magpie, meadow 
bunting, turtledove are commonly 
hunted and by man which might 
suggest a medium of infection. Since none 
of the birds tested appeared sick, it may 
be supposed that the paracolobactra iso 
lated are not pathogenic for these species 


presence of these 


and 
eaten 


IN Birps 


Certain strains of bacteria may be in 
creased by colonial nesting; of this group 
of birds, the 


morant 


night heron, egret, and cor 


were colonial 


SUMMARY 


bird droppings 


examined 


SIXty-one 
from 13 
for the occurrence of 
The flora of 
bled that of man and domestic animals and 


specimens ol 


species of birds were 
Enterobacteriaceae 
intestinal these birds resem 


was similar to bacteria found in soils and 
The that 
birds feeding near human habitations pick 


on vegetables results indicated 


up human and animal Enterobacteriaceae 
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Studies on Pasteurella Multocida. ||. Identification of 
Antigenic Characteristics and Colonial Variants 


G. R. CARTER, D.V.M., M.S. 


Guelph, Ontarw 


this 
deseribed 


series, a 
for 
types of 


IN THE FIRST REPORT! In 
hemagglutination test 
the identification of 
Pasteurella multocida 
of serological typing depend upon the pres 
ence or absence in cultures of a predomi 


Was 
serological 


sSecause the results 


nance of capsulated organisms, a method 
for the identification of 
capsulated colonial variants of Past 


Was sought non 
multo 
This report describes the use of the 
acriflavine test for this purpose. This test 
has also aided in the identification of the 
principal variants, making possible the des 
ignation of the nomen 
clature that has been used for other 


cida 


variants by same 
vram 
negative 

The this 
has been dealt with in detail in a 
2 The various equivalent 


species 


dissociation species 


pattern of 
number 
of reports 
terms used to designate variants have been 
yrouped (table 2, 
term is given the reference to the 


column 1) and after each 
report in 
which the terms were first employed. It is 
evident that a for 
the description of variation in Past 


standard nomenclature 
multo 
cuda is required 

The acriflavine test 
Allessandrini and Sabatueci,' has been em 
workers for the 
characteristics of 
‘that 
far 


first introduced by 


ploved by a number of 


identification of antigen 


colonial variants. Braun * points out 


the acriflavine test has proved to be a 


reliable indication of antigen char 


acteristics than mere observation of colony 


more 


The reactions in acriflavine 
Antigenically 
cells remain suspended, antigenically rough 


mot phology 


viven by Braun are smooth 


of the independent changes between 


cells yield clumps, and antigenically 
cold cells produce slimy precipitates 
CAUSE 
colonial characteristics 
the 
lonial characteristics as smooth 


the 


antigenie and 


Braun recommends designation of co 


rough, and 


mucoid, and designation of antigen 


characteristics by the symbols S, R, and M 
This nomenclature will be employed in this 
report 


MATERIALS AND Meruop 


Vullocida Examined In 


representing all 


Pasteurella 


Strains of 


200 strains four serolog 


excess of 
types, A. B, C, and D, 
test. 


imined by the 


ical 


iriflavine Four cultures chosen to illustrate 


typical reactions are listed (table 1, column 1 


Kramination of Colonial Varian The strains 


wert tryptos iz o whieh 
been added 
The 


means of obliquely 
detail by 


grown on 
per 
different 
transmitted 
Braun has been 


for the recog on of ¢o 


examined 
had 


scrum 


eent by olume of horse 
studied by 
rhis method 


used for 


Variants were 


deseribed in 


yeurs ontal 


Brucella 
‘4 


number of 
Variants of 
The 


quently to 


species 


term uorescence’’ 


describe the inter 


spectrum around smooth colo 


This term, althoug! 


cida 


and is replaced in th 


‘iridescence’’ except here original 


employed 
Hemagalut tis eat 


hem iggiutination test 


being 

Performance of the 
Phe 
in’ the 


terminology is 


indirect ondueted 


manner deseribed previous! i the first 


report on this test, it was pointed t it strong 


cross reactions were obtained witl ovine serums 


sub 
his 


ome th 0 ills 


when red cells were treated with the eapsular 


stance from predominant! mucoid train 
difficulty 


prepared chicken and 


ber of 


was overe 


rabbit serun num 


predominant nucoid have been 


satisfactorily hen rylu ition test 


ped 

Performance f 
method employed w 
scopic test deserihbed 


differed 


imounts of 


larger 


bacterial cells i ‘ ad ‘ tlavine 


from 


solution were empl Croscopl 


illvy observable ren ition of 
wriflavine in 
solution was 


enarded 
Ihe 


one 


number of eolont 
blood 


oy ind a 


‘ 
— 
sed fre 
1 Phi 
The aut thanks M fohn M t ! 
rie shorat 1) ) 
K 
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2 STUDIES ON PASTEURELLA MULTOCIDA 


TABLE 1i—Representative Strains of Pasteurella Multocida Demonstrating the Relationship 
Between “Typeability,” Colonial Morphology, and Reaction in Acriflavine 


Strain and T 
rological Colonial 


type morphologs 


Mucoid 


Smooth 


chicken \ 
> (buffalo) B 
dog) ¢ 
4 (pig D 


the the andthe 
amount of growth, was placed over 
the 

the 


1000 aeriflavine solution 


size of drop 
the 


inoculating 


de pending 


upon 
de posit of 


bacterial cells which, with loop, 


thoroughly with saline 3) One 


the 1 


were mixed 
or 2 drops of 
udded to the 
then accomplished by 


If one is 


wis 


bacterial suspension. Mixing was 


slick 


mixing 


rocking and tilting the 
after 


individual 


reaction was apparent shortly 


interested in only colonies, 


test Braun may b 


test 


the Opie described by 


particularly 


deseribed 
the 
that 


employ ed macroscople slice 


ibove is useful as it indicates 


antigenic characteristic and colonial variant 


predominate in a given culture 


RESULTS 


the 


Ssaine 


with 
the 


as 


The reactions observed 
flavine test 
those referred to by 
with the of 


species 


acri 
were essentially as 
Braun 
other 


occurring 
Variants gram-negative 

Three principal colonial types were ob 
served by obliquély transmitted light. They 
were: ] Mucoid were, 
comparatively speaking, They 
had flowing margins and had a character 
As Elberg and 
pointed out, they produce 
Frequently, the 
is only slight and the col 


these colonies 


the largest 


istic most appearance 
Cheng-Lee Ho" 
a reddish fluorescence 


‘fluorescence ’’ 


onies have a white opaque fluffing appear 
Smooth 
nies are smaller and discrete They display 
which is 


ance iridescent these colo 
iridescence 


Smooth 


usually 
the 


less 


a marked 
greenish 4 noniridescent 


of 


substance 


colonies 


than 


organisms these POSSESS 


capsular organisms consti 


TABLE 


Reaction of the Different 


peable 
by hemag \ 


clutination re 


2—Proposed Colonial Designations Corresponding to Older 


riflavine designa 


action tion 


Yes 
Yes Celle re 
Smooth No 


Smooth Yes 


main 
blocculation 


clumping 


tuting iridescent colonies. They are usually 
They have sometimes 
been referred to intermediate 
in the The blue 
composed of noncapsnlated 
Noniridescent 


gray or grayish blue 
us Variants 


literature colonies are 


colonies are diserete and 
smaller than the other colony types 

In table 1 listed 
strains the 
tween colonial morphology, 


by 


are representative 
relationship be 


‘typeability’ 


which show 


acriflavine reaction 
character, Only the 
strain which gave the floceulent acriflavine 
reaction could not be typed (Cultures com 


hemagglutination, 


and antigen smooth 


posed of mucoid variants gave a slimy or 
stringlike precipitate (fig. 1, A Variants 
this were designated as 
mucoid M 
morphology, 


reaction 
the word 
and the M indicates the anti 
Most of 
lated cultures vielding 


viving 
refers to colonial 
ven characteristic the freshly iso 
predominantly 


Variants 


mucoid variants were type <A 
the 


smooth 


strains 
repeated transfer mucoid 
were replaced by variants 

observed 
the iri 
remained almost 
Vari 
ants giving rise to this reaction were terried 
smooth, S. When lost 
capsular antigen still present, 
termined the hemagglutination 
partial floceulation 
flavine 


reactions were 
The cells of 


Variants 


distinet 
with smooth 


Two 
Variants 
descent smooth 
completely in suspension (fig. 1, 
iIndescence Was but 
as de 


test 
noticed in 


Was 
by 


Was acri 


The same designations, smooth S 


were emploved Morphologically smoot} 


Variants, not possessing 


ipstlar substances 


Designations and the 


Vaviants with Acriflavine 


211 
‘ 


and vielding negative hemagglutination 
a markedly floeculent or 
of reaction fig. 1, ¢ 


to this reaction 


granu 


ing 


ited smooth S the exponent 


anit ivhness 


ment 


olonu viving rene 


Smoot 
\nother 


rough eul 


ulate wu aline tn most instances 


characteristic of antigeniecalls 
tures ts tenacious adherence to 
It is onl with great difficulty that the 
growth | vashed from the surface of the 
cultures display a low viru 


avar 


agar. These 
lence for 

The observations cited 
types A, B, and ©. The smooth 
freshly isolated type D strains gave a char 


above refer to 
variants of 
acteristic clumping in acriflavine 
fig. 1, D 

The results obtained with the 
test are summarized (table 2 
2 and 3 of table 2 are listed the designa 

which 


Coarse 


acriflavine 
In columns 


tions are proposed as a standard 


nomenclature for the a 


Past 


‘scription 
variants ol multocida 

Cultures 
phologicalls 
rare 

The vere oft cor 
although 
at, the, 
properties ol 


ariants 


fusion for many 
then 


did partake ol 


mouse Virulen Vi otten vre 
rough cultures. [1 e literature, they have 
sometimes bee rough, al 
though 


smooth 


rete (i us 


morphologic are usually 


It has been shown that the 
Past 
The 


strains for the 


capsular anti 


gen ol multocida is strongly immuno 


genie importance of selecting cap 


sulated preparation of 


The 


procedure 


bacterins and antiserums is axiomatic 


acriflavine test offers a simpl 


for determining the antigenic status of 


cultures. Strains giving rough reactions 


Fig. 1—Reactions occurring 
in suspensions of different 
variants of Pasteurella mul- 
tocida after the addition of 
1:1,000 neutral acriflavine. 


A) Mucoid variants—slimy 
precipitate, (B) smooth var- 
iants—cells remain in sus 
pension, (C) smooth variants 
but antigenically rough— 
flocculent precipitate, and 
(D) smooth variants, type 
D—coarse clumping. 


G. R. CARTER J. Ver. Rae 
Disct 
| 
th 
D 


STUDIES ON 


certainly should not be employed It 
interest that although many cultures 
their capsular antigen as a result of re- 
peated transfer 
ably stable 


lose 


some strains are remark 


In a previous report, it was suggested 
that dissociation in this species proceeded 
The obse! 
made during this study 
mucoid 


Confusion arose in the pre 


smooth > mucoid —— rough 
Vations 
the 
smooth 
report because of the occurrence of 
mucoid with 
lence less than that of smooth cultures. It 
that these cultures 
composed of a special variant and it seemed 


sugyvest 
sequence — smooth 
(sh 
VIOUS 
many cultures 


Mouse viru 


was considered were 
between 
termed the 
A number of experiments 
have shown that the delayed mortality pat 
tern for mice of many mucoid cultures has 


reasonable to place this variant 
the smooth and what was then 


rough variant 


been due to the action of symbiotic or la 
tent bacteriophage. It is realized that 
the lowered mouse virulence is a property 
of mucoid but not of all 
mucoid strains 


how 


some cultures 


SUMMARY 

and antigenic 
behavior of variants of Pasteurella multo 
cida have been studied by means of ob- 
liquely transmitted light and the acriflavine 
It is proposed that the 
colonial variants of Past. 
ignated the standard terminology, 
smooth, rough, and that the 
characteristics by 


The colonial morphology 


test, respectively. 
multocida be des 
by 
mucoid, and 


antigenic be indicated 


PASTEURELLA 


is of 


MuLTocipa 21. 
M, and R. A 


when 
were examined 


characteristi 
freshly 


the letters 3S, 
reaction was 
lated type D with 
the acriflavine test. It is pointed out that 
besides aiding in the elucidation of varia 
tion in this species the test rapidly identi 


observed Iso 


strains 


fies nonimmunogenic cultures and those 


that can not be typed 
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The Effects of Some Antibiotics and Chemical Drugs on the 
Growth in Vitro of Aspergillus Fumigatus 


C. B. TARLATZIS, D.V.M.; A. G. PANETSOS, D.V.M.; P. N. DRAGONAS, D.V.M. 


Athe ns, 


IN A 
first 
W hite 


day old 


the 
in 
10 to 15 
The diseased chicks showed elin 
of the 


without 


PREVIOL deseribed 
of 


Leghorn adults and chicks 


VAPER we 


CUSES aspergillosis in Greece 


while 


pheumonia 


adults any apparent 
Pathological 
like 
ana 
the yizzard 
The lesions yielded pure culture 


of 


and 


lesions, consisting tu 


bercle bodies of various sizes col 


ors CHSeOUS In nature, were observed 


and 
of 


and, to a 


on liver, lungs cecum 


/ 
gulus lesser 


fumigatus mainly 


extent Ispergillus niga) 
Intravenous and subcutaneous 
the 


whereas 


conidia taken from cultures 


the 
instillation 


ol 
duced 


repro 
intratracheal 
the 


disease, 

did 
of embryonating 
the 


not. Furthermore in 
chicken 


death of the 


oculation 
embryos 

The apparently 
use of moldy litter and feeds 
were eliminated, the disease disappeared 

In this paper, we intend to report the 
results of our experiments on the sensitiy 
of A to the 


monly used antibiotics and to two chemical 


to 17 days old, caused 


from 


When these 


resulted 


clisease 


ity fumigatus im witro eom 


drugs 


MATERIAI Merion 


cultured in 
of heeft 
(Difeo), 15 


fapergillua fumigatus was liquid 
/ 


nutritive medium 


Difco 


consisting extract 


6 Gm.; baeto peptone 


From th Bacteriolo il Imatitute 


Athen 


TABLE 1—Results of Testing Eight 


Antibiotics in Various Concentrations Against 


Gireece 


sodium ¢hlorice > Gin ) 


pH 


tilled water, 1,000 
The hanging drop 
A rubber ring, 


delimiting i i er a 


spren¢ v1 wis ipphed 


o a slide, chamber 
drops of the I 


ith a 


im, moculated 


humber ere 


large 
ind 


put in tl 
ippled igninst 


The 


dona tra it i le 


chamber 


the rubber ring, whole was 


mouthed hot 


place 


the containing a vater, to 
drying The 


coveres vitl ll and 


pre 
Hotth 
va then placed at 
incubator at 
A rich growth 
The 


the 


hour inter 
h green in 
vhen the fruiti 


The 


ig bod ‘ formed 


following antil chemical 
pen 
vhich was « eu te on the b 


low 


aureom i in’ Lad 


tested Speci 
isis of 
equals 


oO ei didron eine 


terramyein! Pfizer chlor 


Erba 
Davis 


ert 


inphenicol, ehlorom 
nicol, Parke, 
Abbott potassiun chick ‘ mie 
red Merck 
the liqguid 


chloramplhe 
ervthrocin,% 
rocicle 


diluted is 


reuric 

These u ines ere 
eultur concentra 
The 


hours of 


tions control prepared 


preparations were ox | fter 


incubation 
The 


shown 


of 


results 
tables 1 


our 


experiments are 


Disc I 


To date, has been made to 


establish the effectiveness of the commonly 


no attempt 


Asper 


gillus Fumigatus in Vitro 


Antibiot 
Vntibiotios 


Venrelin 
Streptomycin 
\ureomycit 
\chromycin 
lerramycin 
Chemicetine 
Chloromyce 


birythromye 


concentration per millilite 


00.0 us 


ind dis 
tl final of 6.5 
| ised is follows 
ere 
Specia 
ana 


Errect or ANTIBIOTICS AND CHEMICAL Druas ON ASPERGILLUS 


TABLE 2—Results of 


Testing Two Chemical 


Drugs in Various Concentrations Against 


Aspergillus Fumigatus in Vitro 


Drug 


iodide red 


ermination and abundant fru 


neither germination neo 


used antibiotics against A. fumigatus in 


vitro, Our experiments show that 
1) Penicillin is inactive against A. fume 
When used in concentrations up to 
per milliliter of the culture me 


It is 


gatus 
125.0 
dium however, in higher concentra 


tions, fungistatic in that it inhibits fruceti 
fication 
2) The 


other antibiotics used, as well as 
fungistatic in 
mill 


iodide, are only 
10.0 


potassitin 
concentrations up to my. per 
liter 

3) Mercurie 
amounts up to 18.75 pg 
this 
fungicidal 
These 
seem to be Ith 
Mantovani and Airoldi, 
infeeted chickens successfully by 
streptomycin Horton-Smith 
Long’ have shown that penotrane (phenyl 
mercuric-dinaphthylmethane-disulfonate 
fungicidal effect (diluted 
iodide red (di 


iodide red is fungistatic in 


per milliliter but, 


above concentration, it is markedly 
milro do not 


those ot 


results obtained in 
with 


who claim to have 


agreement 


treated 


using and 


has a stronger 
1:80.000); than 
luted 1: 40,000 


mercuric 


SUMMARY 


1) Penicillin was found to be totally in 
fumigatus im 


active against Aspergillus 


vitro in concentrations up to 125.0 pg. per 


concentration 


per milliliter 


showed a 
milliliter 


culture medium; if 


at 2oO.0 we per 


milliliter of 
fungistatic effect 
or higher 


2) The 


antibiotics tested 


other 
aureomyern 


sevel 
streptomycin, achromyem,? 
chloramphent 
chloramphens 


erythromyem 


terramyein,® chemicetine 
Erba), chloromycetin® 
Parke and 
potassium have 
in coneentrations up to 


col, 
Dav Is 
iodide 


col, 
been proved 


and 
fungistatic 
mg. per milliliter 

3) Mercurie iodide red has been proved 
fungistatic in concentrations up to 
milliliter 
above this concentration 

Further 


concerning the 


to be 


pe. per and fungicidal 


experiments are progres 


use of mereuric todide red 


mo against aspergitlosis oft chiekens 
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Observations of the Time of Appearance of Negri Bodies, 
Complement-Fixing Antigen, and Virulence in Mouse 
Brains Inoculated with Rabies Street Virus 


HIDETO UEKI, D.V.M.; TAEMON KATO, D.V.M.; JUNICHI OISHI, D.V.M.; 
HAJIME MURAKAMI, D.V.M.; KOJI SHIMADA, D.V.M. 


7 ok yo, Japa it 


Kor the routine diagnosis of rabies in ani- 
mals, this laboratory has simultaneously 
used three techniques, viz 
of (1) Negri bodies in impression prepa 
rations and in (2) 
specific rabies complement-fixation antigen, 
and (3) viable rabies virus in the suspect 
brain. Usually, the findings by the three 
techniques have been found to supplement 
each other but, in some cases, neither Negri 
bodies nor complement-fixing antigen were 
found despite later isolation of virus by 
inoculation of mice. This lack of agree 
ment may be due to early destruction of 
the suspect animal at a time when neither 
Negri bodies were demon 
strable. In general, findings by the com 
plement-fixation procedure have more 
frequently been in agreement with isolation 
results than have results of searches for 
Negri bodies. The following experiments 
were designed to determine the time after 
infection when positive findings by each of 
the techniques could be expected 


, demonstration 


histological section, 


nor antigen 


MATERIALS AND 


Procedures described by Ando et al were 
slightly altered by us. Our procedures were as fol 
Antigen was made by placing a 20 per cent 
brain in a 
water bath then 


12,000 r.pom. for 15 minutes, The 


lows, 
saline emulsion of infected or suspect 
10-C, 


for 60 minutes and eentri 


fuging at super 
fluid 
positive 
pigs 
intraperitoneal 
(MDH strain) 


2.0 ml. of 10 per 


natant was removed and used as antigen 


serum was obtained by bleeding 


had 


injections of 


Known 


guinea which been hyperimmunized by 


four ultraviolet-inae 


tivated, fixed rabies virus. Each in 


cent guinea 
This 


before use in 


jection consisted of 
pig brain and was given at weekly intervals 


serum was inactivated immediately 


the test by holding for 20 minutes in a 60-C. wa 
ter bath. Two full units of complement contained 


in 0.3 ml. were used, Sensitized cells were pre 


From the Tokyo To Laboratories for Medical Sciences 
Japan 

The authors express their 
0 Ansiow, chief, Department of 
Medicine 406th Medical 


eo, Calif., for his invaluable 


gratitude to Lt. Col. Ralph 


Veterinary Laboratory 


General Laboratory, San Fran 


advice and criticism 


pared by combining equal volumes of per cent 


and hemolytic ambo 


hemolvtic inits in 


washed sheep erythrocytes 


ceptor containing minimal 
0.15 ml 

The actual test was combining 
0.15 ml. of 
twofold 
luted antigen and 0.5 ml. of 
ing 2 full These 
for 120 minutes, after 
The test was incubated at 


then the re 


performed | 
hyperimmune serum in 
0.15 ml. of undi 
complement contain 


37 C 


inactivated, 


serial dilutions with 


units. were incubated at 
sensitized 


37 C 


were Tre 


which 0.3 ml. of 
cells were added. 
for 30 ietions 


minutes and 


hemolysis was recorded as 0, 


with 1, 


corded. Complete 


absence of hemolysis as 4, and 3 indi 


75, 50, and 25 per cent hemolysis, respec 


cating 


tively. A 2+ or fixation was reeorded as 


greater 
a positive 


Ten per cent emulsions of four known rabies 


positive dog brains in physiological saline solu 


were each centrifuged at 2,000 rpm, for 15 


0.03 ml. of 


tion 
each supernatant was 


ibout 30, 10- to 11 


minutes. Then 


inoculated intracerebrally into 
seginning on postinoculation 
killed daily. Brains of 
under aseptic conditions 
half of each 
brain was fixed for sectioning, to be later stained 


Mann’s The 


other halves were pooled and made into a 20 per 


Gm, normal mice 
day 4, 2 or 3 


were 


mice were 
removed 


divided, One 


these mice 
and then longitudinally 


1 


with stain or hematoxylin-eosin 


emulsion in physiological saline solution. A 
this 
virus infectivity, inoculating groups of 5, 16- to 
11-Gm. tenfold from 


10° through 10 noculated were 


cent 


part of emulsion was used for titration of 


serial dilutions 


These 


mice with 


inimals 


TABLE i—Time of Appearance of Infectivity, 

Specific Rabies Complement-Fixing Antigen, and 

Negri Bodies in Mice After Inoculation with Four 
Strains of Rabies Virus 


First da First da Firat day 
virus n e OC} egr 


jentified 


Virus bodies 


strain isolated 


— 
l 
CC 
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observed daily for four weeks, at the end of which 
time the infectivity l.disoe Was caleu 
lated after the method of Reed and Muench.’ The 


20) per cent mouse brain suspen 


‘ xpressed in 


remainder of the 
sion was used in preparation of complement-fixing 
antigen 

RESULTS 


Virus from Dog 1.—Highly 
intracytoplasmic inclusion bodies were seen 
in brains of mice killed on the eleventh 
postinoculation day. Typical Negri bodies 
were observed in brains of mice killed on 
the twelfth day and later. Specifie rabies 
complement-fixing antigen was first de 
tected on postinoculation day 10. In the 
case of this virus, no titration was made 
on days 4, 5, 6, or 8, but the I.d.,, of virus 
in the brains harvested on day 9 was 10°'*". 
The l.d.,, then inereased rapidly, so that 
on day 12 and after it was 10 or greater 

Virus from Dog df Ty pical Negri bodies 
were observed from day 7 until the death 
of all inoculated mice. Specific complement 
fixing antigen was first detected on day 6 
The virus titer was first measured on day 
when the 1.d.., was This increased 
slowly until day 9 when it 
than 10 

Virus from Dog 3.—Three mice were 
killed daily from the group inoculated with 
this dog brain. Typical Negri bodies were 


suggestive 


was greater 


Negri 


F 


ye, 


reciprocals 


Rapies Street Virus 


217 


seen in 1 of the 3 mice killed on days 10 
and 11, In the other 2 mice killed on these 
days, only a nonbacterial encephalitis was 
From day 12 on, the complement 
positive. Virulence 
of 10°'* on day b 
on day 10, On 


seen. 
fixation 
increased from an 
to 10°** on day 9 and 10 
day 13, the Ld.,,, was 10~* 

Virus from Dog 4.—Three 
killed daily from this group of mice. Typi 
cal Negri bodies were present in 2 of the 
3 mice killed on day 9. The other mouse 
brain was observed to have only a nonbac 
From day 10 on, Negri 
brain examined 


reaction Was 


mice were 


terial encephalitis 
bodies were seen in every 
Complement-fixing antigen was demon 
strated after day 8. Virulence increased 
from an L.d.,,. of 10 on day 6 to 10 


on day 10, after which virulence noticeably 


decreased 
The 


tivity, (2) specific rabies complement-fixing 


time of appearance of (1) infee 


antigen, and (3) Negri bodies in the case 
of four strains of 
illustrated (table 1 and graph 1 


street rabies virus is 


(‘ONCLUSIONS 


1) In point of time after infection, via 
intracerebral inoculation of mice, the three 
diagnostic procedures are reliable in’ the 


10 
4 


9 10 12 15 Ooys 


Graph 1—Growth of four strains of rabies virus in mouse brain with appearance of Negri 
bodies and detectible complement-fixing antigen 
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following order. (1) virus isolation, (2 
demonstration of complement-fixing anti 
gen, and (3) demonstration of Negri 


bodies. One or two days was observed as 
the interval between appearance of each in 
this series 

2) These data re-emphasize the impor 
tance of permitting rabies-suspect animals 
to proceed to death under observation 
rather than destroying them at a time when 
neither Negri bodies nor complement-fixing 
would be 


antigen present 


}) Complement-fixing antigen did not 
appear until the intracerebral titer had 
reached the level of 10°%* to 10 mouse 
Lal per 0.03 ml 

1) Negri bodies did not appear until 


several days (7 to 12) had elapsed after 


MuRAKAMI—SHIMADA 


injection or after a titer of 10°°* to 10 


had developed, or both 


5) Rather wide 
time of appearance of complement-fixing 


Variations in virulence, 


and Negri bodies were observed in 
the 


ve 
antigen 


the case of each of four rabies isolates 


studied 
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Some Effects of Various Environmental Conditions 
on the Survival of Leptospira Pomona 


WILLIAM OKAZAKI, M.S., and LEIF M. RINGEN, Ph.D. 


Pullman, Washington 


ALTHOUGH the economre and public health was used throughout these experiments, This or 


significance of leptospirosis eaused by Le} ginism has been maintained on artificial mediums 
1 Ve ‘ selector “4 ~ i 
fospira pomona has been recognized. as vet or severa irs and wa el | beeau its viru 


there is very little information concerning ones wa ssumed to be stabilised he medium 
the survival of this organism outside th 
ention of CGrrdner s medium ind all subeulture 
animal body for the letection of viable leptospiras wer held 
Ward and Turner demonstrated the for «ly it room temperature to 
presence of Leptospira before being disearded All microseopi examin 
for the pe riod of two months in a well used tions ere mince ining lark field illumination 
as a source of drinking water, while van Weanling mice (Webster Swis vere used when 
Thiel '’ reported that this organism can re wboratory anin vere required 
mam alive and completely virulent for at I t of pH and Temperature To determin 
least 2? davs Reinhard reported that pomona after it 
pil nad temperature level 
L, pomona can persist in natural waters ‘ that 
for several weeks Noguchi found that pil ‘ 4 ily 
polluted vate! sewage. or soil would not rganisn eau 
serve to Keep / alive leat! t} rut for ibseequent 
for more than three days, and that the | ments on the ect of pH and temperat 
organisms were unable to survive in hu ere carrie it using cate tubes of dout 
man urine unless the urine was neutral listilled ! to pH 6.0, 18.4 
ized or slightly alkalinized. Burnstein and me 
Baker reported that urines of infected 
swine with a pil 7.0 or above usually con a : 
tained active / pomond, While in those 
below 7.0 the organisms appeared in 
netive but were nevertheless viable ( hang tured on me 
et in their studies with L. mine the ffeet of chon 
rhagiace, found that the survival times va been carried over it the OCU, One et oof 
ried considerably depending upon the pH, tub hoculated with leptosy obtained 
temperature and the density of other bar repeat ntrifugation ning thi in 
terial populations in the suspending fluids << 
The following investigation was made in be rel 
an attempt to determine the length of time Renlicate set 
L pomona can remain infective outside the Gm. of soi oH 69 re terilized | tenm 
animal body inder pressure, One set lowed to dr to 
the t dout ed iter i idded 
MATERI to poi f te th ot teri 
On om train of L. pomona, obtained from loul te fed pomt 
the ntain tor lont or hos ter red the 
11,000,001 fron ctively growing 
t t ‘ my ned 
State ‘ tios ‘ led 
f \t int leper ng por t} 
nt t M wre noistur eontent on if j j 
nity ti buffered to pH 7 ' led to on 
\ f mit 


WILLIAM OKAZAKI 


for motile organisms, and 0.1 ml. inoculated into 


semisolid mediums. The effeet of drying on this 
by 
of culture on sterile slides and allowing it to dry 


At 


organism was also determined placing a drop 


two-minute intervals the slides were placed in 
tubes of liquid mediums 

Effect of Simulated Natural Conditions To de 
termine the survival and infectivity of L. pomona 
under simulated natural conditions, and in the 
presence of natural microorganisms, a stainless 
steel reetangular tank was filled with a clay-type 
soll, At various space intervals, four pools (No. 
1 to 4) were connected in series by narrow chan 
nels, pool 1 being closest to the water source and 
pool 4 emptying into a jar of disinfectant. A 
fifth pool was connected to pool and loeated 
in such a position as to create a stagnant condi 
tion. The amount of flow was regulated by a valve 
at the intake 

The water used in these experiments was col 
lected from a small, slow-moving stream which 
flowed through a pasture periodically inhabited 
by eattle, Leptospira pomona had been isolated 
from this stream in 1954. Water was replenished 


frequently at the influent to maintain a relatively 


fresh flow through the system. All water samples 
used in these experiments were found to be free 
of pathogenic leptospiras through mouse inocula 


The 
pH 7.8, and no significant change in pH oeceurred 


tion and microscopic examination, water was 


during the experimental periods 


out 
In 


organisms 


using this 
experi 


Four experiments were carried 


simulated natural water supply each 


ment, approximately 300,000,000 were 


used as the inoculum, Samples were examined at 
both microscopically 

In the first of 
ments, the flow of water was regulated to 
there 
and the 
In the 


water 


periodie intervals and by 


mouse inoculations. series 


experi 
1.6 
volume 


ml 
(at this rate occurred a 


2.5 hours) 


per minute 


turnover in 


introduced 


organisms were 


of 


80 


into pool | second series 


of 
evaporation 


experiments, the flow was 
to 
levels in each pool, and the 
In the 
manure 


the 


regulated 


“8 equal and maintain original 


intro 
of 


organisms were 


dueed into pool 5 second experiment 


each series, placed 
to 
Microorganisms 


tors 


cow wis in pools 


ind 5 increase concentration of other 


to determine the 


the 


fac 


pomona 


influencing 
of I 


an attempt 


concerned with survival 
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in river water,” the following menstruums were 
used: nonsterile river water, river water sterilized 
by filtration, river water sterilized by autoclaving, 
and sterile double-distilled water buffered to pH 
7.2. These suspending fluids, in 10.0-ml. quantities, 
were placed in sterile tubes and inoculated with 
an actively growing culture of L. pomona All 
tubes were held at room temperature Oto 26 ¢ 
At various time intervals, a loopful was examined 
microscopically for motilit 0.1 ml. was inocu 
lated into a tube of eulture medium and a 0.2-ml 
quantity was injeeted intraperitone nto each 
of veanling mice 
RESUL' 
Effect ol pH and Temperature both 


pH and temperature markedly affected th 
survival of L table ] The eriti 
cal levels were between pi 6.0 and 8.4 
Below or above these levels, the leptospiras 


pomona 


were rapidly rendered nonmotile (within 
8 hours at pH 5.5 and within 2 hours at 
pH 8.8, when held at 20 to 26C At the 

20 C. temperature level, the organisms 
remained motile for less than four hours 


after freezing 
did not occur until after a prolonged ex 
posure period, whereas at 44 to 46C lysis 
after if motility 
At the freezing temperatures, experimental 


However, lysis of the cells 


oceurred soon cessation ¢ 


evidence indicated that death was due to 
temperature and not pH, since no sig 
nificant differences were observed at the 


various pH levels. However, when the or 
ganisms were held at 7 to 10¢ 20 to 26 
C., and 34 to 36C., pH did affect their 
survival times based on both motility and 
cultural In the lower pH 
ranges, the organisms remained motile for 
longer periods at 7 to 10 C. than was ob 
at 20 to 26C. In the higher pH 


observations 


served 


ranges, the observed motility was consid 
erably longer at 20 to 26. than at 7 to 

River water for t \ 
t Palouse River I ur asl 


TABLE 1—Survival Times of Leptospira Pomona at Various pH and Temperature Levels 


pH 6.0 
Unwashed W nshed Unws 
remperature Mot.* Cult." Mot Cult Mot 
ito 36 ¢ 2.0 6 
‘ite 26 ¢ 11 1.0 OR ( 148 
7to 10¢ 4.2 4.0 
to » 0.2 0.96 0.09 0.28 0.9% 
0.08 0.04 0.04 0.04 0.08 
* Survival in days based on motilit as observ 
or rowth in subculture is ibated at room temperat 


pH 7 18.4 


120) 

ished Vashed 
6 
l f 
| 
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ln all 


longer 


HSCS, 


periods than did the washed cells, 


based on both motility and eultural stud 
ies. Th urvival times of unwashed lepto 
spiras at pH 7.2 and temperature of 7 to 
TABLE —~Maximum Time of Observed Motility 


and Cultural 
Held at 20 C 


Pomona, 
Varying Water 


Detection of Leptospira 
in Sterile Soil of 


Content 

Motilit ture 
Dr 0 hours hours 
Damy lays » days 
Su persaturated 193 days 83 days 

Motilit based on dark field observation Culture 
examined after 28 days of incubation at room tempera 
ture Sterile water, 2.0 ml, added to 2.0 Gm. of dry 
801 ' Sterile water, 6.5 ml added to 2.0 Gm. of dry 
10 ©. were found to be 54.0 days, as based 


on motility and 44.5 days when based on 
reproducibility. When washed were 
employed under these same conditions, the 
survival times were 18 and 12 days, respee 
tively The concentration of serum in the 
tubes containing unwashed cells was cal 
culated to be 0.06 per cent 

In nearly every case where survival of 
the organisms was prolonged beyond five 
to six days, their survival times based upon 
subculturing were less than when based on 
motility. On the other hand, when sur 
vival times were than two to three 
days, the subcultures were often positive 
for extended periods beyond observed ces 
sation of motility. 

Effect of Moisture Under dry soil con 
ditions, the leptospiras could not be de 
tected microscopically after 30 minutes 
of exposure or culturally after two and a 
half hours (table 2). When exposed to 
damp soil conditions, the organisms could 
not be detected microscopically after three 
days and culturally after five days. How 


cells 


less 
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unwashed cells survived for 
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ever, under supersaturated soil conditions 
the leptospiras were observed to be motile: 
for 193 days and eulturally 
183 days 


positive Tor 
When the organisms were dried 
on sterile glass slides, they could not be 
detected 


ing seconds after the slides were dry 


microscopically or by subeultur 


Effect of Nimulated Vatural Condi 
fions Leptospira pomona, under simu 
lated natural conditions, were detectable 


microscopically 
inoculation 
days. In 
table 3. experiments 1 
the leptospiras were 


for 14 days but by 
for only a 
the first 


SCTIOS A. 


mouse 
maximum of six 


series of experiments 


and 2 
observed 
cally in all pools within 20 minutes. In all 
experiments, under the stagnant conditions 
of pool 5, the leptospiras were detected by 
mouse inoculation for periods ranging from 
three to six days, while in other pools the 
organisms were detected for periods rang 
ing from one and a half to two days 

A marked difference was noticed when 
comparing the survival times of L. pomona 
in nonsterile, Seitz-filtered, or autoclaved 
river water, and in sterile double-distilled 
water buffered to pH 7.2 (table 4). In 
nonsterile river water, leptospiras were de 
tected microscopically for eight days, and 
by mouse inoculation for ten days. In 
Seitz-filtered river water, motility per 
sisted for 99 days and cultures were posi 
tive for 94 days, while in autoclaved river 
water the organisms remained motile and 
viable for only 47 days. In sterile double 
distilled water the leptospiras were de 
tected microscopically for 18 days and by 
mouse inoculation for nine days 


DISCUSSION 

The 
of L. pomona seems to be between 7 C. and 
26 C., 


optimum temperature for survival 


depending upon the pH! of the sus 


TABLE 3—Survival Times of Leptospira Pomona Under Simulated Natural Conditions 


Pool 1 Pool 2 
Experimental 
series Mot." Inf.’ Mot Inf 

Series A‘ 

Experiment 1 14 4 

Experiment 2 ‘ 
Series 

Experiment Neg Neg 

Experiment 2° Neg 


* Survival in days based on motility as observed 
mined by infections in mice based on the demonstration of a rising blood serum antibody titer 


4.6 ml./minute 
found in all pools within 20 minutes 
ent: flow to equa aporation. Unwashed organisms 


by dark field examination 


volume turnover in two and a half hours 


Pool 3 Pool 4 Pool 6 
Mot Inf Mot Inf Mot Inf 
14 4 i4 

‘4 


" Survival in days deter 
* Current 


unwashed organiems placed in pool 1 and 


4 Small quantities of cow manure placed in pools 2 and 5. * No cur 


placed in pool 5 
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pending medium. The leptospiras survived 
for longer periods at 7 to 10 ©. in the lower 
pH ranges than in the higher pH ranges 
and, conversely, for longer periods at 20 
to 26C. in the higher pH ranges. This 


TABLE 4—Comparison of the Survival Times of 
Leptospira Pomona in River Water 


Suspending fluid * Motility” Culture Infection 
Kiver water days da 
Filtered river water ‘ 09 days 04 days 14 days 
Lutoclaved river water 47 days 47 de 
Double-distilled water * days jada 

‘All suspending fluids incubated at room temperature 
10 to 260.) Survival based on motilit us observed 
by dark field illumination Survival based on growth in 
subculture, incubated at room temperature for 25 days 
‘Infection based on the demonstration of rising blood 
serum antibody titer in mice Kiver water, nonaterile 
pili 7.4 at start of experiment and #.0 at the termination 
of the experiment. ‘ Kiver water autoclaved (121 ©. for 
10 minutes); pil 7.4% and no change Kiver water fil 
tered with Seitz type 1 Alter; pil 7.4 and no change 
Double-distilled water autoclaved ¢ for min 
utes); pH 7.2 and no change 


mnidicated an interaction between 
ture pll when the 
held under these conditions 


temperatures, 


tempera 
and organisms 


At freezing 
differences in 


were 


no significant 
survival times were observed at the various 
pH levels. This due to the faet 
that death occurred so rapidly in all cases 
that no observable effect of pil could be 
On the other hand, cultural 
results indicated that at freezing tempera 


may be 


demonstrated 


ture the organism, although observed to 
be nonmotile, was nevertheless viable. This 
suggests that the organisms, for a short 
time at least, were in a dormant resting 


state with no energy being used for motil 


ity and when they were subcultured they 


were reactivated 

That small amounts of serum can influ 
ence the survival time of these organisms 
was shown by comparing washed lepto 
spiras with leptospiras obtained directly 
from culture mediums. The serum trans 
ferred with the inoculum increased the 
survival time by 32 days. Chang ef al 


found that 0.1 per cent tryptose would in 
crease the survival times of L 
orrhagiae by 20 days, while the addition of 
10 per 
vival by 70 days 


wclerohaem 


cent horse serum inereased sur 

Usually, where motility was observed for 
prolonged periods, 4he organisms appeared 
to lose their ability to propagate when sub 
cultured. This seemed to be related to the 
length of time of 


ever their motility was observed for periods 


exposure, when 


since 


longer than five to six days, their propagat 
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ing ability was proportionately decreased 

The prolonged survival of L. pomona in 
supersaturated sterile indicates that 
some factor in sterile soil was responsible 
for this longevity, since in neither double 
distilled water nor in filtered or autoclaved 
river 


soil 


water did the organisms remain via 

ble for such extended periods 
The rapidity with which L 

moved downstream under simulated 


pomona 


natu 


ral conditions indicated that the spread 
of these spirochetes, in distance from the 
original source, could be great. On the 
other hand, it was indicated that fast 
moving waters were detrimental to the 


In one instance, 
leptospiras were observed and detected in 
pool 2, which was upstream from the point 
of inoculation. This may have been caused 
by a backwash as a result of disturbances 


survival of this organism 


of daily sampling in pool 5, or it suggests 


that leptospiras could migrate up a slow 


moving stream, but for only relatively 
short distances 
Since the addition of small quantities 


of manure did not significantly shorten or 
prolong the survival times of L 
as determined by 


pomona 
the 
prolonged observation of motile leptospiras 
in the first experiment might be attributed 
to the detection due to the 
tively clear water present Under the con 
the other experiments, 
concentrations of other microorganisms and 


mouse imoculation, 


ease of rela 


ditions of where 
organic materials increased, the leptospiras 
may have 
detected microscopically 
survival 


been obscured and not readily 
The difference 


stagnant 


time observed in water, 
with and without fresh water flow, suggests 
that some factor, or factors, which prolongs 
the survival of 


in fresh 


pomona 
This 


oxidation-reduction potential HS 


may be present 
the 


indicated 


water may be due to 


by Chang ef al.,’ a dilution of toxic mate 


rials, or some other factor 
Microorganisms naturally present in river 
water may have an inhibitory effect on the 
leptospiras, since the survival of L. pomona 
Was considerably shorte rin notste rile rivet 
water as compared with sterile river wate! 
The filtered 


and autoclaved due to 


differences observed in S« 


river water may be 


the fact that, upon heating, some naturally 


oceurring nutrient material or protective 


substance was destroyed. This view is fu 
ther strengthened by the observation that 
sterile double clistilled vate! thre or 
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ganisms became nonmotile and nonviable 


within a considerably shorter time 
SUMMARY 

The survival of Leptospira pomona out 

side the animal body seems to be related 
interaction of several factors, in 
temperature, pH, moisture, the 

constituents of and water, 

of naturally occurring 


tO an 
cluding 
various 
and the 
microorganisms. 

Temperatures below 7 to 10 C. or above 


soil 


presence 


34 to 36C. and pil below 6.0 or above 
8.4 were detrimental to the survival of 
It survived longer at 7 to 


L. pomona 
10 C. in the lower pH ranges than in the 
higher and, conversely, for longer periods 
in the higher pH ranges 


at 20 to 26C 
Leptospira pomona was susceptible to 
both drying and slow-freezing—survival 


not exceeding one-half hour in the former 
and two and a half hours in the latter 
Moisture was extremely important, these 
organisms surviving from 30 minutes in 
air-dried to 183 days in soil super 


saturated with water 


soil 


pomona survived for less 


Leptospira 
than seven days under simulated natural 
in stagnant pools 


llowever, the eon 


conditions and longer 


than in moving water 
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tinuous addition of small amounts of fresh 
water to stagnant pools increased the or 
ganism’s survival time 
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